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A  Report  on  Location  and  Design 

Foreword 

The  authoriMCion  for  this  report  is  an  agreement  bcnvcen  the 
State  of  Montana,  acting  through  i«  Highway  C>)mmi»ioo  and  West- 
ern Engineers  and  Morrison-Maierlc.  Inc..  Consulting  Engineers. 
Interstate  Route  15  enters  southern  Montana  at  Monida.  goes  through 
the  cities  of  Buttt,  Helena  and  Great  Falls,  and  terminates  at  the 
State's  northern  boundary  at  Sweet  Grass.  The  area  of  study  lies  at 
oae-diird  the  distance  from  Helena  to  Great  Ealk  in  Lewis  and  Clark 
County  and  traverses  a  portion  of  moderately  elevated  mountains 
adjacent  co  the  Big  Belt  Mountain  range. 

The  purpose  of  this  report  is  to  present  the  specific  recommended 
location  for  the  Interstate  Highway  from  three  miles  south  of  Sieben 
to  the  town  of  Wolf  Creek.  Montana.  Sieben  is  a  railroad  siding 
station  at  the  south  entrance  of  Little  Prickly  Pear  Creek  Canyon.  (This 
canyon  is  better  known  locally  as  Wolf  Creek  Canyon.)  Of  the  pro- 
posed 12  miles,  the  three  miles  south  of  Sieben  arc  within  the  section 
designated  by  classification  of  the  Montana  Highway  Depiinment  as 
Preliminary  Engineering  Proi«ct  I  15-4  (2)  195.  The  nine  mile*  to 
the  nonh  through  the  Canyon  are  designated  1  15-4  <3)  209. 

The  infornuiion  herein  presented  is  the  result  of  extensive  en- 
gineering studies  conducted  by  the  Consultant  of  all  possible  highway 
locations  within  or  adjacent  ro  the  Little  Prickly  Pear  Creek  Canyon. 
The  study  includes  information  on  the  following  items  as  they  arc 
related  to  all  alternate  locations  cotuidercd: 
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1.  CociiK-trio 

2.  Soils  aad  Geology 
S.  Hydraulics 

f.  Bridget 

5,  Inicrchjingcs 


6.  Rclomiions 

7.  Design  Siandnrd^ 

6.  Construction  Co*t  Esiimnm 

9.  Economic  Analytii 

10.  Stage  Ginstniction 


In  order  to  avoid  the  expense  of  duplication  of  effort,  ftll  pcrii- 
neni  .ivailiiblc  data  uf  ihc  Montana  Highway  Dcpartmeni  was  used 
whenever  possible. 


Explanation  of  Key  Plan 

'lilt  map  entitled  "Location  Plan  of  Alternates  Studied"  on  pages 
2  and  3  serves  as  a  key  plan  drawing  lo  show  the  lines  or  locations 
which  were  studied  in  detail  and  to  show  iheir  relationship  to  each 
other  and  to  other  features  in  the  viciniiy.  Line  Alicrnaie  A  is  along 
what  is  termed  the  cast  side  of  the  canyon  and  Atiernaie  B  is  aloDg 
the  west  side  of  the  canyon.  The  other  alternate  lints  C.  D.  E  and  F 
are  composed  of  combinations  of  segments  of  the  A  and  B  lines  plus 
the  additional  segment,  termed  a  "crossover,"  to  cross  from  the  east 
to  the  west  side  of  the  canyon. 

For  case  of  reference,  and  in  order  lo  clarify  the  interrelation- 
ship of  the  various  lines,  a  line  diagram  is  shown  on  the  same  draw- 
ing. The  configuration  of  any  one  complete  alicfnaic,  such  as  Alter- 
nate C  can  be  noted  in  the  line  diagram  by  following  the  line  labeled 
C  from  the  left  side  of  the  diagram  labeled  Beginning  of  Project  to 
the  right  side  labeled  End  of  Project.  A  mental  transposition  of  this 
configuration  to  the  key  plan  will  then  indiciie  Alternate  C  on  the 


ke>  plan.  The  southern  end  of  the  area  studied  is  designated  as  the 
fk-ginning  of  the  Project. 

The  stationing  at  the  Beginning  of  Projca  is  1104rOO  and  is 
sct)uentiul  up  to  IliUfUU.  At  this  point  the  stationing  begins  at 
O  t  UO  and  is  carried  without  any  great  numerical  variation  to  Wolf 
Creek.  The  eleven  hundred  series  staituning  resulted  from  retaining 
the  stationing  developed  by  the  Montana  Highway  Oepanment  on 
work  previously  done  by  them  on  the  section  of  Interstate  15  adjacent 
and  south  of  the  Sieben  to  Wolf  Creek  Project.  This  work  was  utilized 
with  slight  modification  in  order  to  provide  a  safe  and  workable 
transition  zone  from  two  lanes  to  four  lanes. 

Stationing  of  all  lines  was  extended  to  a  common  terminal  point 
of  intersection  in  Wolf  Creek.  This  is  indicated  in  the  Line  Diagnim 
of  Alternate  Locations.  However,  the  End  of  Project  was  not  con- 
sidered ds  the  same  point.  It  was  established  as  the  beginning  of  the 
PC-7  Crossover  and  is  common  to  all  alternates  except  A.  The  selection 
of  this  point  is  such  that  the  extension  of  the  Interstate  from  Wolf 
Creek  north  to  Stickney  Creek  ran  be  readily  projected  through  the 
town  on  either  the  north  or  south  side  of  the  railroad.  Sufficient 
investigation  w.is  made  to  verify  the  flexibility  of  projection  from 
thi*  point  but  additional  reconnaissance  study  is  necessary  before  a 
location  recommendation  can  be  confirmed  for  the  next  eleven  miles. 

The  Cost  Summary  and  Comparison  of  Alternate  Locations.  Fig- 
ure 201.  shows  that  the  total  cost  of  Alternate  D  to  the  point  common 
to  Alternate  A  is  significantly  less  than  the  cost  of  Alternate  A.  Even 
though  the  overall  length  of  Alternate  A  is  less  than  the  other  alter- 
nates, due  to  the  greater  estimated  cost  of  Alternate  A  the  overall 
Road  User  Benefit  for  Alternate  A  is  not  the  best.  This  is  indicated 


by  the  benefit  ct»t  ratios  in  Tabic  3.  Therefore,  due  considenition 
has  been  given  the  fact  that  the  end  of  Alternate  A  is  not  common  with 
the  point  tcrmetl  End  of  Project,  Station  537+40  which  is  common 
to  all  other  alternates. 

Summary  of  RecommentiBtrons  and  Costs 

It  IS  recommended  that  the  alignment  designated  and  detailed  as 
Alternate  D  in  this  report  be  accepted  as  the  proper  location  to  be 
designed  and  constructed  for  Interstate  Route  IS  from  Sieben  to 
Wolf  Creek.  Facts,  figures,  and  ilKisiraiions  contained  in  this  volume 
will  substantiate  this  recommendation  as  sound. 

This  location  is  the  most  acceptable  of  all  alternates  investigated 
because: 

1.  Initial  construction  cost  is  the  lowest. 

2.  It  shows  the  greatest  overall  road  user  benefit  when  con- 
struction costs,  maintenance  costs  and  vehicle  operation  costs  are 
considered. 

3.  The  most  spectacular  section  of  rugged  scenic  beauty  on  the 
western  side  of  the  first  two  miles  of  canyon  will  be  undisturbed 
except  for  one  large  excavation  cut  which  could  well  add  a 
striking  effect. 

4.  Almost  eight  miles  of  the  present  highway  will  be  retained 
for  frontage  road  and  access  road  for  the  east  side  of  the  canyon 
and  the  Little  Prickly  Pear  Creek. 

5.  All  present  land  use  diat  exists  in  the  canyon  is  preserved 
with  minor  exceptions. 


Based  on  iraffic  cuunis  made  in  1958  and  projected  lo  the  year 
1975  by  the  Montana  Highway  Department,  it  has  been  determined 
and  jusiifications  will  be  presented  for  initial  construction  of  four 
lanes  throughout  the  Icogih  of  the  highway  involved  in  this  study. 
It  provides  for  full  control  of  access  with  no  ai-gradc  crossings. 

From  the  Beginning  of  the  Project  to  the  mouth  of  the  canyon 
at  Sieben  the  highway  will  be  divided  by  a  forty-six-foot  median  with 
two  lanes  northbound  and  two  lanes  southbound.  At  this  point  a 
transition  will  be  required  to  a  four-lane  undivided  section  with 
an  eight-foot  wide  flush  median  with  double  rail  barrier  guardrail. 
This  scaion  will  be  used  to  the  End  of  the  Project.  Figures  21  and 
22  illustfate  these  roadway  sections. 

The  proposed  alignment  is  portrayed  in  detail  on  Plan-Profile 
Figures  0  through  19.  The  maximum  grade  is  5%  and  the  average 
less  than  2%.  The  maximum  horizontal  curve  is  6'  and  transition 
spirals  are  used  on  all  curves  over  IVi".  The  minimum  slopping  sight 
distance  is  600  feet  on  crest  vertical  curves.  Design  speed  is  50  miles 
per  hour  on  (he  interstate  and  interchange  ramps  will  safely  accom- 
modate traffic  with  an  exit  or  enuance  speed  of  50  miles  per  hour. 

Two  interchanges  arc  recommended  and  the  preliminary  layouts 
provide  for  desirability,  adaptability,  and  attainability.  The  Sieben  Inter- 
change  is  a  full  diamond  type  and  provides  a  connection  to  the  Sieben 
area  and  the  county  road  to  Silver.  An  Interchange  at  Lyons  Creek 
would  preserve  the  present  traffic  service  and  also  provide  a  con- 
neaion  from  the  Interstate  to  the  present  highway.  In  addition  to 
interchange  structures,  three  other  bridges  are  required.  Two  of  these 
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will  span  the  Little  Prickly  Pear  Creek  only  and  one  will  span  both 
the  creek  and  the  railroad. 

COST  ESTIMATE  OF  LOCATION  ALTERNATE  D 


Excavation 
Surfacing 
Major  Structures 
Other  Construction 

Sub-Total 
Construction  Engineering 
and  Contingencies — 1(3% 
Utility  Relocations 
Right-of.Way 

TOTAL  COST 


S  8,l-M.750.O0 
1,053.740.00 
l.HS.OOO.OO 
2,422,778.00 

$12,766,268.00 

1.276,627.00 
127.000.00 
103,906.00 

S14.273.80I.00 


Mistorical  Background 

This  route  was  originally  traversed  by  (he  old  military  road  com- 
monly known  as  the  Mullan  Road.  Its  history  begins  in  the  I850"s 
when  many  interests  demanded  a  northern  railway  route  to  the  Pacific 
Coast  and  Puget  Sound.  Governor  Isaac  I.  Stevens  of  Washington  Ter- 
ritory surveyed  a  route  through  Montana  in  1853  and  made  a  favorable 
report,  but  there  was  opposition  from  the  Southern  and  Central  states. 
Because  of  circumstances  prior  to  (he  Civil  War.  the  railroad  was  not 
constructed  for  many  years.  The  Stevens  survey,  however,  resulted  in 


(he  building  of  the  Fon  Benton  to  Walla  Walla  road,  ptjpularly 
called  the  Mullan  Road,  between  the  years  1858  and  I860. 

"The  Mullan  Military  Road",  completed  m  1S6U  by  Captain 
John  Mullan.  traversed  the  Little  Prickly  Pear  Canyon.  It  conneaed 
die  Little  Blackfoot  and  Clark  Fork  Valleys  in  Western  Montana  with 
Fort  Shaw  and  other  northern  points.  Ii  is  interesting  to  note  that  i7 
days  were  required  for  the  624  mile  trip.  In  addition  to  providing  ac- 
cess to  local  points,  this  road  was  an  imponant  route  for  immigrants 
(raveling  through  Montana. 

As  can  be  seen  on  the  Location  Plan  of  Alternates  Studied  on 
pages  2  and  3,  the  Mullan  Road  was  located  west  of  the  bottom  of  the 
Little  Prickly  Pear  Canyon.  At  the  town  of  Wolf  Creek  die  road  went 
up  Wolf  Creek  and  out  in  the  general  direction  of  Fort  Shaw.  This 
highway  was  originally  used  with  oxen  and  horsenirawn  wagons  lo  its 
earliest  stages.  The  use  of  camels  as  pack  animab  by  the  Army  io 
about  1865  also  existed  in  this  section.  Swifter  travel  was  introduced 
by  stage  as  the  roads  improved. 

As  time  went  by.  improvemeou  were  made  in  alignment  and  grade 
and  the  road  became  located  in  the  bottom  of  Liale  Prickly  Pear  Can- 
yon. In  the  early  I900's  the  Great  Northern  Railway  built  a  branch 
line  through  the  Little  Prickly  Pear  Canyon  to  Butte.  The  present  high- 
way, built  in  1935.  was  an  excellent  and  outstanding  highway  in  its 
day.  The  service  it  has  given  serves  as  a  monument  to  those  who 
located,  designed  and  construaed  the  highway. 
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Nature  of  tKis  Study 

li  should  be  noted  that  "route"  is  a  general  lerm  and  rcfcn  to  align- 
menu  several  or  mnny  milci  apart.  Locatioiu  are  specific  alignmenb 
within  a  selected  route  and  justify  a  more  detailed  itivestigaiion. 

Earlier  reconnaissance  studies  indicated  that  there  was  more  thnn 
one  route  from  Helena  to  Wolf  Creek  vicinity  on  which  it  appeared 
possible  to  locate  a  highway  consistent  with  Interstate  design  stand- 
ards. An  engineering  study  of  these  routes  was  prepared,  by  the  Plan- 
ning Survey  Division  and  Interstate  Division  of  the  Montana  State 
Highway  Commission,  and  publishnj  February  15.  I960,  under  the 
title.  "EtONOmic  Anatyth  of  Inlerstair  Highway  Rot/lhig  jroni  Heienu 
lo  Wolf  Crtek  VicmUy."  Investigations  included  a  west  route  via 
Silver  and  an  east  route  that  crossed  the  Missouri  River  in  the  vicinit)- 
of  "The  Gates  of  the  Mouniitins."  The  recommendation  of  this  study, 
accepted  and  concurred  in  by  the  U.  S.  Department  of  Commerce,  Bureau 
of  Public  Roads,  was  that  the  middle  route  generally  following  the 
present  highway  across  the  Helena  Valley  and  through  Little  Prickly 
Pear  Canyon  was  the  most  favorable  to  the  highway  user. 

Since  the  route  seleaion  was  established  in  I960,  it  is  the  object 
of  this  particular  preliminary  engineering  report  to  determine  the  best 
location  on  this  route. 

Route  Reconnaissance  Over  Gas  Line  Milt 

Studies  were  made  of  the  area  immediately  adjacent  to  Little 
Prickly  Pesr  Canyon  to  see  if  more  feasible  routes  could  be  obtained 
by  leaving  the  canyon.  U.  S.  Geological  Survey  quadrangle  maps  on  a 


scale  of  one  inch  equal  2000  feet  and  with  contours  shown  at  •iU-fooi 
intervals  were  utilized  for  this  purpose.  All  of  these  routes  were 
eliminated  because  of  excessive  length,  poor  alignment,  long  steep 
grades,  or  unjustifiable  cost. 

An  example  of  one  such  study  involved  the  possibility  of  rerout- 
ing over  the  Gas  Line  Hill  which  is  tniversed  by  a  natural  gas  pipe 
line  of  the  Montana  Power  Company.  It  lies  a  mile  west  of  the  southern 
end  of  the  cinyon.  Plan  and  profile  drawings  appear  in  Figure  109 
and  reveal  that  grades  of  5%  on  both  sides  of  the  hill  would  be  re- 
quired to  reach  the  pass.  Contours  in  this  area  are  shown  on  Figure  20. 
This  reroute,  from  the  point  of  beginning  near  Sieben  to  iu  end  near 
Lyons  Creek,  is  three  and  one-half  miles  longer  than  the  proposed  lo- 
cation in  the  canyon.  The  road  usen  operating  cost  in  rwcnty  years 
on  this  added  length  would  exceed  nine  million  dollars  based  on  the 
1972  average  daily  traffic,  even  without  consideration  for  steeper  grades 
and  tortuous  alignment.  Likewise,  maintenance  and  construction  costs 
would  be  higher  and  there  would  be  more  potential  for  accidents.  In 
view  of  these  factors  no  further  consideration  was  given  this  route. 

In  addition  to  the  above  alignment,  two  other  possibilities  out  of 
the  canyon  to  the  cast  were  attempted.  It  was  soon  evident  that  these 
routes  were  even  less  feasible  than  the  Gas  Line  Hill  Route.  It  is 
readily  evident  from  the  geological  contour  map  of  the  entire  area, 
Figur«  20.  that  the  shortest  and  best  route  is  within  the  confines  of 
the  canyon.  The  mountain  ridges  lay  generally  in  an  east-west  direction 
and  arc  impractical  to  cro». 

The  above  studies  proved  that  the  most  feasible  route  lies  within 
the  limits  of  the  canyon  itself.  As  a  result  a  "water  grade"  is  obtained. 


Topographic  maps  prepared  by  aeriiil  photogrammctry  methods  in 
1956  were  the  source  of  vertical  and  horizontal  data  and  control  for 
alignment  studies.  The  map  scale  was  one  inch  equal  200  feet  and 
the  contour  interval  was  five  feet.  Reproductions  of  these  maps  were 
used  in  the  preparation  of  Plan-Profile  drawings  which  appear  in  Di- 
vision 2  and  Division  3.  On-the-site  verification,  measurement,  and 
evaluation  of  various  features  were  made  by  field  inspection  trips  as 
required.  Large  scale  topographic  maps  will  be  used  for  final  detailed 
study  for  the  approved  alignment  and  preparation  of  contract  plans. 
These  maps  will  have  a  2-foot  contour  interval  with  a  scale  of  one 
inch  equal  100  feet  and  will  also  be  prepared  by  phoiog  ram  metric 
methods  by  the  Consultant. 

Geology  Report 

Wolf  Creek  Canyon  is  one  of  the  many  canyons  confined  within 
a  group  of  moderately  elevated  mountains  which  extend  in  a  north- 
westerly direction  from  the  "Gates  of  the  Mountains "  to  the  headwaters 
of  the  Blackfoot  River.  The  canyon  is  bounded  on  the  soutli  by  the 
Great  Northern  Railway  station  at  Sieben  and  on  the  north  by  the 
town  of  Wolf  Creek. 

Steep  walled  canyon  topography,  coupled  with  ilie  Uck  of  any 
previous  geologic  mapping  in  the  area,  made  aerial  photo  interpreta- 
tion extremely  limited.  Therefore,  it  was  necessary  that  the  entire 
reconnaissance  be  accomplished  in  the  field.  Fault  and  bedding  con- 
tacts were  mapped  on  photos.  This  information  was  then  transferred 
to  a  U.S.G.S.  topographic  sheet  at  a  later  date  and  entered  as  Figure 
20  in  this  report. 
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Where  major  faulting  occurred,  more  thorough  investigation  was 
necessary.  It  is  recommended  that  an  extensive  testing  program  be 
initialed  in  these  areas  prior  to  construction. 

Faults  located  in  existing  roadcuts  have  been  traced  and  their 
trends  mapped.  Elsewhere  faulting  was  difficult  to  trace  due  to  over- 
burden and  their  trends  are  mapped  as  uncertain. 

The  scope  of  this  report  does  nor  allow  for  a  stratigraphic  section 
analysis  of  the  various  rock  types  but  a  general  lithologic  description 
is  included  at  the  end  of  this  section  of  the  report.  A  reconnaissance 
of  this  type  gives  a  general  interpretation  of  the  geology. 

Wolf  Creek  Canyon  has  been  a  structurally  active  area  in  recent 
geologic  history.  The  Belt  sedimenis  which  measure  nearly  a  mile  in 
thickness  have  been  folded  throughout  Lewis  and  Clark  County  and 
the  Wolf  Creek  area  represents  only  a  small  but  important  part  of 
this  vast  complex.  Included  in  this  area  is  the  land  drained  by  Prickly 
Pear  Creek  and  its  numerous  tributaries. 

The  geologic  history  is  complex  but  may  be  divided  into  two 
major  categories  for  simplicity: 

1.  Deposition  of  the  Belt  sediments  during  the  Precambrian  time 
followed  by  gentle  warping  of  the  sediments  and  erosion  to  a  near 
level  plane.  Cambrian  sediments  were  laid  upon  this  erosion  surface 
thus  initiating  accumulations  of  thousands  of  feet  of  younger  beds. 

2.  Near  the  end  of  Cretaceous  time  the  western  part  of  the 
United  States  underwent  its  last  major  crustal  disturbance  and  formed 
the  Rocky  Mountain  chain.  As  a  result  of  this  mountain  building 
activity,  the  Lewis  Overthrust  occurred.   The  overthrust  forced  thou- 


sands of  feet  of  Belt  shales  and  argillites  over  much  younger  Cre- 
taceous beds.  (See  Seaion  A-A  page  8>.  It  has  been  estimated  that 
the  thrust  overlap  may  be  measured  in  the  scores  of  miles. 

Following  this  time  of  vigorous  activity,  a  time  of  tranquility 
followed  until  middle  Tertiary  time  when  faulting,  volcanism  and 
general  uplift  revived  the  stream  activity  and  began  shaping  the 
existing  valleys  and  canyons  seen  in  Wolf  Creek  today. 

The  Wolf  Creek  Canyon  area  is  confined  with  the  Algonkian 
Belt  Series  of  Precambrian  rock.  They  consist  almost  entirely  of 
shales  and  argillites  with  some  sandstones  and  impure  limestone.  The 
Belts  are  divided  into  eight  major  rock  formations  of  which  four 
outcrop  in  Wolf  Creek  Canyon.  This  division  is  made  by  lithologic 
variations  as  to  color,  mineral  content,  and  structure.  The  boundary 
between  formations  is  extremely  subtle  and  should  be  interpreted  in 
Exhibit  20  as  general.  The  shales  and  argillites  will  be  referred  to 
as  the  Belts  throughout  this  report. 

The  general  strike  of  the  beds  throughout  the  canyon  is  north- 
east with  the  dip  to  the  southwest.  Faulting  on  all  scale  is  evident  and 
small  ficxture  folds  are  numerous,  Nearly  every  roadcui  shows  some 
faulting.  In  the  majority  of  cases  the  faults  are  covered  by  a  thin 
soil  mantle  which  shows  no  indication  of  any  recent  activity  along 
the  fault  lines.  Measurement  of  amount  of  fault  movement  and  some- 
times even  dircaion  of  movement  in  the  Belts  is  extremely  difficult 
unless  a  precise  stratigraphic  study  Is  made.  This  type  of  study  is 
outside  the  scope  of  this  reconnaissance  and  therefore  findings  are 
tentative. 


The  Bells  in  the  Wolf  Creek  area,  as  in  other  seaions  of  the 
state,  arc  generally  unstable;  that  is.  they  arc  very  susceptible  to 
weathering  and  landslides.  Two  prominent  landslides  have  occurred 
and  are  shown  in  Figure  20.  They  are  not  recent  and  probably  oc- 
curred prior  to  man  s  inhabitation  of  the  State.  Their  cause  may  have 
been  severe  earthquakes  or  sitnilar  adjusting  within  the  earth's  crust. 

Primary  weathering  of  the  Belt  rocks  does  not  result  to  a  break- 
down CO  sand  siie  particles,  as  for  instance,  weathering  of  the  rock  of 
the  Boulder  Bathohih.  Instead,  weathering  causes  formation  of  ex- 
tetuive  talus  slopes  generally  of  uniform  siie. 

The  Belts  are  composed  chiefly  of  interbedded  well-consolidaied 
silt  and  sandstone  called  argilliie  and  more  fissle  (finely  bedded)  sili- 
ceous shales.  It  is  important  that  it  be  understood  that  the  words  shale 
and  argillitc  have  little  meaning  imlcss  further  defined.  They  indi- 
cate only  the  structure  and  origin  of  the  rock  and  give  little  indication 
to  its  strength. 

Oil  shales  and  clay  shales,  for  instance,  arc  extremely  suKcptiblc 
to  swelling,  shrinking  and  weathering  to  fine  silt  and  clay  siie  par- 
ticles. Engineering  literature  often  mentions  structure  failure  on  this 
type  rock.  To  equate  oil  and  clay  shales  to  the  siliceous  shales  and 
argillites  of  Wolf  Creek  Canyon  is  highly  ertoneous. 

The  shales  and  argillites  of  the  Belt  Scries  are  highly  siliceous 
and  slightly  metamorphosed,  differing  from  a  true  slate  only  in  the 
degree  of  metamorphism.  They  are  an  extremely  resistant  rock  type. 
Weathering  to  talus  sized  particles  is  an  inherent  characteristic  of  these 
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rocks.  The  high  silica  conreni  gives  strength  lo  the  rock  and  they 
tend  to  resist  the  complete  weathering  cycle  to  fine  sand  and  clay. 

Geologically  the  primary  factor  involved  in  selection  of  road  sites 
is  (he  suitability  of  the  bedrock  for  coastruaion.  If  this  factor  is  re- 
striaed  to  the  strength  of  material  in  Wolf  Creek  Canyon  no  prob- 
lem in  choice  of  location  exisu.  Any  location  would  be  feasible.  How- 
ever, the  proposed  highway  will  not  only  be  constructed  on,  but  Hiet- 
ally  within  the  confines  of  this  bedrock.  This  has  implications  which 
are  important. 

Cross  sections  throughout  the  canyon  show  one  striking  similarity. 
The  eastern  side  is  shallower  in  slope  and  often  lower  in  summit 
elevation.  This  is  in  contrast  to  the  near  vertical  walls  of  the  western 
side.  The  reason  for  this  is  easily  demonstrated. 

The  bedrock  is  well  bedded,  that  is,  it  is  highly  compacted  layer 
on  layer.  These  layers  have  been  lilied  in  a  general  westerly  direc- 
tion from  fifteen  degrees  at  the  south  entrance  of  the  canyon  to  approxi- 
mately forty-five  degrees  at  the  north  entrance.  Following  this  tilting, 
the  creek  has  dissected  the  bedding  and  there  is  a  tendency  of  the  ease 
wall  to  progress  west  along  the  bedding  planes.  The  chief  forte  behind 
this  progressive  action  is  due  to  the  extreme  seasonal  temperature  vari- 
ations in  the  area.  The  aaion  is  slow  and  does  not  initiate  large 
massive  movement.  Ice  and  snow  separate  small  blocks  from  its  parent 
rock  mass  and  spring  rains  provide  the  transportation  medium  to  send 
these  blcKks  into  the  canyon.  This  situation  does  not  exist  on  the 
western  side  of  the  canyon.  This  is  ponrayed  on  Section  B-B  on 
page  8. 


Remarks  made  by  the  Montana  Highway  Maintenance  personnel 
of  (he  Wolf  Creek  area  indicate  that  this  condition  does  exist  and 
spring  rains  make  maintenance  extremely  difficult  along  the  present 
highway.  Similar  talks  with  railway  workers  in  this  area  indicate 
that  no  such  trouble  exists  along  the  railway  which  follows  the  west- 
ern  side  of  the  canyon  in  the  critical  area. 

Geologically  the  western  side  of  Wolf  Creek  Canyon  is  more  stable 
than  the  eastern  side.  This  can  be  visually  verified  throughout  the 
canyon. 

Regardless  of  the  location  selected,  the  areas  of  known  faulting 
should  receive  more  investigation  prior  to  construaion.  Some  of  the 
faults  which  expose  only  small  amounts  of  fault  gouge  on  the  surface 
may  be  covering  much  larger  gouge  and  fractured  areas  below  the 
surface. 

Movement  along  known  faults  cannot  he  predicted.  Movement 
has  occurred  and  if  the  area  was  submitted  to  intense  earth  forces 
(i.e.  epicenter*  of  earthquakes,  etc.)  it  seems  probable  that  movement 
would  reoccur  on  these  faults.  Faults  are  lines  of  weakness  in  any 
rock  mass. 

Investigation  of  literature  on  known  earthquakes  in  the  area 
show  that  DO  such  forces  have  caused  any  movement  along  faults  in  the 
Wolf  Creek  area  to  date. 

The  Effects  of  Geology  on  Engineering  Design 

Due  to  requirements  of  Interstate  alignment  and  restriacd  canyon 
topography  much  of  the  proposed  location  is  confined  to  bedrock  and 
geology  is  of  prime  importance  in  all  design  features. 


It  is  recommended  that  rock  fills  slope  at  I-i^^;!  maximum  and 
rock  cut  backalopcs  be  constructed  at  !^:I  maximum.  All  other  fill 
slopes  should  comply  with  Interstate  Standards,  and  the  maximum  cut 
backslope  in  other  than  rodt  should  not  exceed  2:1  maximum. 

On  the  east  side  of  Little  Prickly  Pear  Canyon  numerous  areas 
of  talus  slopes  and  minor  rode  slides  exist.  Due  to  this  unfavorable 
condition  an  overbreak  item  has  been  added  to  excavation  quantities 
for  these  areas. 

All  rock  cut  quantities  were  computed  on  a  basis  of  one  foot  under- 
cut  below  normal  bottom  of  base  course.  This  undercut  area  will 
be  backfilled  with  one  foot  of  base  course  material. 

In  final  design  it  is  recommended  that  a  study  be  made  of  the 
road  section  in  the  vicinity  of  Station  140  to  determine  the  necessity 
of  placing  perforated  pipe  subdrains  to  intercept  possible  ground  water 
that  may  enter  the  road  ditch  from  the  fractured  zones  that  lie  to 
the  east  of  the  proposed  cuts. 

The  occurrence  of  gravel,  suitable  for  surfacing  materials,  in  the 
Wolf  Creek  Canyon  area  is  assumed  on  the  basis  of  its  availability  in 
other  intermoniane  valleys  throughout  western  Montana.  A  detailed  ag- 
gregate study  is  beyond  the  scope  of  this  phase  of  work  but  casual 
observations,  coupled  with  wide  stream  terraces  give  indications  that 
deposits  may  be  available  on  this  ptojea. 

This  availability  is  reflected  in  the  faa  that  the  prices  used  for 
cost  estimate  of  surfacing  materials  are  the  average  prices  listed  in 
die  summary  of  coniraa  awards  for  I960  by  the  Montana  Highway 
Department. 
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Concufrvoi  with  design  and  preparation  of  contract  plans,  >i 
thorough  and  detailed  program  of  subsurface  investigation  and  ma- 
terial testing  will  comoicnce.  The  results  revealetl  from  borings  and 
labtiratori'  leiis  are  of  prime  importance  for  the  final  recommendations 
for  bridge  foundations,  cut  slopes  in  critical  areas,  fill  consolidation, 
and  determination  of  pavement  tbickncss. 

DESCRIPTION  OF  ROCK  FORMATIONS 
IN  WOLF  CREEK  CANNON 

PCg      Grcyson  Shale 

Oldest  member  uf  the  Belt  Series  found  in  Wolf  Creek 
canyon.  Geacrally  dark  grey  to  dark  green.  Highly  siliceous 
attd  slate-like  in  appearance.  Representative  outcrops  ift  road 
cut  at  the  junnion  of  Sheep  Cre«k  and  Little  Prickly  Pear  Creek. 

PCs    Spokane  Shale 

Gcoerally  deep  red  in  color.  Locally  posses  into  greens 
and  greys  in  zones  several  feci  thick.  Rests  conformably  on 
Grej'son  Shale  except  near  upper  plote  of  the  Lewis  Thrust 
where  the  Grcyson  Shale  has  been  thrust  over  the  Spokane 
Shnle.  Exposures  north  of  Spring  Creek  arc  typical. 

PCt      Linpicc  ^halc 

Cicnerally  green-grcy  and  well  banded.  Highly  siliceous. 
U)ni.iins  bands  of  red  and  green  argilliic  locally.  Rests  con- 
formably on  the  Spokane  Shale.  The  area  south  of  Spring 
Creek  is  typical  of  the  Empire  Shale. 


PCh       Helena  Limestone 

Does  not  outcrop  in  the  canyon.  Found  on  ridges  above 
south  cninncc  to  the  canyon.  Bluish-grey  non-crystalline 
limestone. 

Mm       Madison  Limestone 

Light  blue  limestone.  Found  at  the  Lewis  Thrust  contact. 

Kn,        1  ell-graph  Lieek  lormaiion 

Outcrops  in  the  vicinity  of  the  town  of  Wolf  Creek  as 
dark,  thinly  bedded  shale  and  silly  lenses. 

Ktms    Two  Medicine  formation  (Sedimentary  member) 

Outcrops  in  the  town  of  Wolf  Creek  as  thin  beds  of  are- 
naceous samis,  lignite,  carbonaceous  shales  and  clay  shales. 

Krmv    Two  Medicine  formation  (Volcanic  member) 

Represents  approximately  4000  feet  of  volcanics  extending 
from  the  Lewis  Thrust  north  through  the  town  of  Wolf  Creek. 
Large  Latitc  flows  dominate  the  member.  Tuffs,  lapilli  tuff 
breccia,  shales  and  welded  tuffs  make  up  the  remaining  beds 
in  this  member. 

Qal       Quaternary  alluvium 

Recent  valley  fill.  Composed  chiefly  of  undifferentiated 
sands,  clays  and  gravels. 


Design  Standards  and  Criteria 

Design  criteria  are  based  on  those  acceptable  for  the  latersiaie 
system.  This  is  outlined  in  the  pamphlet  entitled  ■'Geometric  Design 
Standards  for  the  Nation.il  System  of  Intvrst.iie  and  Defense  High- 
ways" adopml  by  the  American  Association  of  State  Highway  Officials 
(A.A.S.H.O.)  and  the  U.  S.  Department  of  Commerce  Bureau  of  Public 
Roads.  This  is  the  criteria  used  on  Interstate  highways  throughout 
the  Nation  which  involve  the  use  of  Federal  aid  funds.  Incorporated 
as  design  guides  are  the  book  publications  of  A.A.S.H.O.  "Policy  oo 
Geometric  Design  of  Rural  Highways,"  "Policy  on  Arterial  Highways 
in  Urban  Areas,"  and  "Standard  Specifications  for  Highway  Bridges." 
The  "Field  and  Office  Standards"  and  "Standard  Drawings"  publica- 
tions along  with  other  current  written  standard  practices  of  the  Mon- 
tana Highway  Department  arc  also  used  as  guidelines. 

Determination  of  Number  oF  Lanes 

I.    Design  Conditions 

(1)  Type  of  terrain — mountainous 

(2)  Design  speed— 50  MPH 

(3)  Traffic  Lane  Width— 12  feet 

(4)  Traffic  Data  (from  Montana  Highway  Commission 


Planning  Survey) 

Sicbcn  to  Lyon*  to 

Lyons  Wolf  Creek 

ADT  1958                     989  104} 

ADT  1975                    2980  2860 

DHV  1975                     450  430 

Trucks                          1 2%  DHV  1 2%  DHV 

K  (ratio  of  ADT  to  DHV )  1 5%  15% 


2.  Design  Criicrin 

Reference:  Geometric  Dtsign  Siandardu  for  ihe  National  Sys- 
tem of  Interstate  and  Defense  Highways. 
Paragraph:  "General'" 

RcfereiKu:  PoIic>'  on  Geometric  Design  of  Rural  Highways 
Paragraph:  "Capacity  "  page  H4.  page  85  and  page  S 
Reference:  The  Highway  Capacity  Manual  (Recom- 
mended as  .1  guide  (or  design.) 

3.  Check  2-Lane  Highway  for  Design  Capacity  Using  Highway 
Capacity  Manu;il  as  Design  Guide. 

Lanes  2 — 12  feet. 

Shoulders  10  feet  (Unrestricted  lateral  clearance). 
Design  Capacity  and  Practical  Capacity  are  the  same  value. 
(Reference:  Highway  Capacity  Manual,  page  8,  and  Policy  on 
Geometric  Design,  page  85  and  page  636.  paragraph  "Design 
Capacity.") 

Practical  Capacity:  600  passenger  cars  per  hour  for  operating 
speeds  over  50  MPH.  (Reference:  Tabic  5.  page  52.  and 
paragraph  "Two-Lane  Roads,"  page  46.  Highway  Capacity 
Manual.) 

The  reference  for  verification  of  operating  speeds  in  the  50  to  55 
MPH  range  for  this  project  is  the  Special  Accident  Study  undertaken 
several  years  ago  by  the  Planning  Survey  Section  of  the  Montana  High- 
way Department  for  the  portion  of  U.  S.  91  from  8  miles  north  of  Helena 
to  Cascade.  The  results  of  this  study  reveal  that  the  average  speed  of 
vehicles  including  trucks  on  this  section  of  present  highway  from 
Stcbcn  to  Wolf  Creek  is  over  50  MPH.  With  construction  of  a  higher 
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type  facility  the  corresponding  average  speed  will  not  decrciise  and  in 
al!  probability  will  increase  to  some  extent. 

Adjustment  for  Commercial  Vehicles  74%. 

(Reference:  Tabic  9.  page  56  of  the  Highway  Capacity  Manual. 
Interpolate  for  12%  trucks  in  rolling  terrain.  The  classification  of  the 
major  portion  of  the  location  under  study  a  mountainous  terrain  so 
the  use  of  the  factor  for  rolling  terrain  is  conservative.) 

0.74x600=444  vehicle*  per  hour. 

Even  without  additional  capacity  reduction  for  jlignment.  thc 
DHV  of  450  between  Sieben  and  Lyons  Creek  exceeds  the  derived 
figure  of  444  vehicles  per  hour. 

Adjustment  for  Alignment  and  Curvature. 

Passing  sight  distances  within  the  range  of  1500  to  2000  feet  are 
those  most  widely  needed  at  frequent  intervals  on  rural  highways. 
(Reference;   Highway  Capacity  Manual,  page  58.) 

The  minimum  passing  sight  distance  for  design  speed  of  50  MPH 
is  1700  feet.  A  detailed  layout  on  location  Alternate  E  showed  that  on 
the  overall  12-mile  length  of  the  project  the  sight  distance  restriction 
below  1700  feet  is  55*??.  With  a  chevk  on  the  same  alignment  broken 
into  two  sections,  notlh  and  south  from  Lyons  Creek,  and  considered 
separately,  the  restriction  is  still  approximately  the  same.  A  conserva- 
tive figure  for  restriction  on  any  alternate  location  under  construction 
is  estimated  at  409^. 

Table  II.  page  58  of  the  Highway  Capacity  Manual  indicates  a 
reduction  to  83%  of  praaical  capacity  for  operating  speeds  of  50  to 
55  MPH  with  40%  restriction. 


0.83x444=368  vehicles  per  hour. 

This  figure  is  well  below  the  DHV  of  430  between  Lyons  Creek 
and  the  town  of  Wolf  Creek.  In  order  to  comply  with  the  directive  in 
ihc  pamphk-t  on  Standards  for  Interstate  and  Defense  Highways  that 
'  unquestioned  adequacy  should  be  the  criterion"  a  two-lane  facility 
for  the  1975  DHV  is  not  acceptable  and  four  lanes  will  be  required 
from  the  beginning  of  the  projea  near  Sieben  to  Wolf  Creek. 


Additional  Design  Data  for  Interstate 


Allowable  by 
Standards  Attained 

7.5  max.  6 


Fe-ature 

1.  Horizontal  AiigtunvRE 

Degree  of  Cune 

2.  Vertical  Alignment 

Vertical  Gradient.  %  5  max. 

(and  7  in  rugged  terrain)  5 
Stopping  Sight  Disunce,  Feet        350  min.  600 

S.  Roadway 

Lane  Width.  Feet  12  12 

Median  Width,  feet 

Undivided  Highway  4  8 

Divided  Highway  36  46 

Outer  Shoulder  Width 

Undivided  6  6 

Divided  10  10 

Spiral  transitions  are  used  at  both  ends  of  all  horizontal  curves 
sharper  than  one  and  one-half  degrees.   The  rate  of  superelevation 
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will  not  txcrwi  0.08  feci  pet  fooi.  This  is  based  on  a>nsidenition  of 
ihfsc  faciors:  climatic  cx>«dition».  icrrain,  type  of  jrea  and  frequency  of 
slow-moving  veliicles.  Tnniition  to  full  luperclcvation  will  occur  with- 
in (he  spirals  or  in  u  runoff  distance  beyond  the  beginning  and  end 
of  curves  without  spirjls.  Vercicnl  curve  lengths  are  based  on  150 
times  and  250  times  the  algebraic  difference  of  gnides  expressed  in  per- 
cent for  sag  and  crest  curves  respectively. 

Ramp  design  was  predicated  on  a  speed  of  SO  MPH  at  the  nose. 
Adequate  length  and  cur\'aiure  was  allowed  for  acceleration  to  SO 
MPH  for  access  to  the  Interstate  and  for  ilecclcraiion  to  a  stop  con- 
dition at  the  crossroads. 

A  600-fooi  stopping  sight  distance  is  recommended  due  to  the 
precipitous  character  of  this  canyon  and  the  past  history  of  rock  falls. 
Roclu  on  the  rood  have  been  one  of  the  principal  causes  of  accidents. 
With  many  high  rock  cut  backslopes,  some  in  excess  of  200  feet,  db- 
lodgmcnts  of  rock  will  continue  to  occur  and  cause  hazards  in  the 
road  from  time  to  time.  Stopping  sight  distances  greater  than  minimum 
have  been  used  to  aid  the  vehicle  driver  to  cope  with  this  situation. 
This  safety  feature  can  be  incorporated  without  excessive  cost. 

Standards  for  dimensions,  excavation  and  embankment  slopes,  and 
surfacing  thicknesses  are  shown  on  Figures  21  and  22.  Criteria  for 
design  of  structures  is  discussed  under  the  section  on  Major  Structures. 
Discussion  of  methods  and  criteria  for  determining  small  drainage 
structures  will  be  found  under  the  section  on  Hydraulics  and  Drainage. 


Geometries  and  Locations 

The  canyon  in  which  the  highway  will  be  located  is  narrow  and 
winding  and  presents  a  very  restricted  selection  of  alignment  possi- 
bilities. The  controlling  features  are  the  tortuous  nature  of  the  canyon 
itself,  with  jutting  rock  points  and  precipitous  slopes,  and  the  locations 
of  the  existing  railroad,  highway  and  stream.   Currently,  in  plac^, 
the  railroad  and  the  stream  occupy  the  bottom  of  the  canyon  with  the 
existing  highway  located  higher  on  the  hillside  because  there  is  not 
space  for  all  three  side  by  side.  The  best  example  of  this  condition  is 
the  first  mile  of  the  south  end  of  the  canyon.  Sec  Figures  5  and  6  and 
the  Geologic  Section  along  Line  A-A  on  page  8.  The  proposed  loca- 
tion on  the  east  side  in  this  vicinity  cannot  be  in  the  canyon  bottom, 
but  must  be  located  at  approximately  the  elevation  of  the  present  road. 
The  optimum  alignment  selected  has  been  controlled  by  two  considera- 
tions, if  the  centcrlinc  is  too  far  into  the  hill,  the  excavation  backslope 
must  run  an  extreme  distance  up  the  mountainside  in  order  to  catch 
and  an  exorbitant  volume  of  rock  removal  is  encountered.  If  the  center- 
line  is  not  fat  enough  into  the  hill,  the  fill  slope  on  the  outside  will 
extend  into  and  beyond  the  creek  and  over  the  railroad.  It  is  in  situa- 
tions such  as  this  that  bin  type  retaining  wall  will  be  used  on  the  outer 
shoulder  side.  The  construction  of  this  type  of  retaining  wall  is  not 
inexpensive,  but  it  is  less  costly  and  more  practical  than  constructing 
a  cast-in-place  concrete  retaining  wal!  or  locating  the  road  farther  into 
the  mountainside.  This  use  of  bin  type  retaining  wall  is  illustrated 
in  Figure  22. 


The  preliminary  evaluation  of  prospective  locations  on  the  site 
and  on  topographic  maps  resulted  in  the  decision  to  study  in  detail  an 
alignment  down  the  cast  side  of  the  canyon,  one  on  the  west  side,  and 
combinations  of  both  sides.  Four  crossovers  from  the  east  side  to  the 
west  side  warranted  study.  Controlling  features  indicated  no  desirable 
crossovers  from  the  west  side  to  the  cast  side  .ind  none  could  be 
justified. 

The  alignment  from  the  beginning  of  the  project  to  the  beginning 
of  the  canyon  was  the  same  for  all  alternates.  Considering  each  alternate 
separately,  cost  estimates  for  a  total  of  69  miles  of  alignment  were 
computed  and  tabulated.  This  was  the  result  of  detailed  study  and 
estimate  of  quantities  for  25  miles  of  separate,  disiina  and  undupli- 
cated  lines.  The  relationship  and  designation  of  lines  studies  are 
shown  on  pages  2  and  3  and  discussed  under  the  report  section  entitled. 
Explanation  of  Key  Plan.  The  same  extent  of  detailed  consideration 
regarding  grades,  cross-sections,  curves,  drainage  structures,  etc.,  was 
accorded  all  alternates  A  through  F. 

The  following  engineering  possibilities  were  investigated  and 
found  to  be  more  costly  than  those  proposed.  Tunneling,  as  opposed 
to  deep  rock  cuts  was  found  to  be  more  expensive.  Costs  of  large  vol- 
ume rock  cuts  are  lower  today  through  the  use  of  massive  rippers  and 
special  blasting  techniques.  The  use  of  a  conduit  to  contain  the  stream 
and  permit  the  highway  to  be  constructed  over  it  longitudinally  in  the 
south  end  of  the  canyon  was  studied.  This  plan  was  discarded  after 
the  design  flow  of  the  stream  was  determined  too  large  to  be  accom- 
modated economically.  The  railroad  alignment  was  examined  to  de- 
termine the  feasibility  of  relocating  it  in  areas  of  great  cost  of  road- 
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way  consifuciion.  Due  lo  the  large  number  of  railroad  bridges  within 
ihe  canyon  whicb  would  cost  in  the  neighborhood  of  SIOU.OOO  each  lo 
replace,  this  idea  was  discarded  as  uneconomical.  The  use  of  divided 
split  level  roadways  and  a  plan  for  a  roadway  on  each  side  of  the 
canyon  were  analyzed  to  the  extent  required  to  climinaie  them  from 
fu«her  consideration.  This  was  due  primarily  to  the  topographical 
features  and  ruggcdness  of  terrain. 

The  sequence  used  for  line  study  and  evaluation  follows.  Align- 
ments were  located  on  contour  maps  and  ground  line  profiles  and  cross- 
sections  were  plotted  from  these  maps.  Cross-sections  in  rocky  area* 
or  areas  of  heavy  construction  work  are  at  iniervals  of  100  feet  or  less. 
Most  other  cross-sections  do  not  exceed  several  hundred  feet  between 
sections.  Grades  were  laid  and  earthwork  quantities  computed.  The 
visual  pictures  of  the  cross- sect  ions  were  extremely  valuable  for  deter- 
mining locations  and  estimating  quantities  of  retaining  wall.  Extensive 
use  of  retaining  wall  will  be  required  in  places  of  confined  construc- 
tion. Digital  computer  methods  were  used  in  computing  earthwork 
quantities  on  the  first  6600  feet  of  the  project  where  physical  features 
required  no  special  consideration. 

It  was  possible  to  locate  all  lines  without  exceeding  a  six-degree 
horizontal  curve.  This  is  a  very  desirable  aiiaiiYment  for  this  type  of 
topography  and  will  be  followed  in  final  design.  It  was  concluded 
from  very  thorough  study  of  the  curves  involved  that  the  use  of  sharper 
curves  would  not  materially  reduce  the  construction  cost  commensurate 
with  the  detriment  to  the  safety  of  the  road  users. 

It  seemed  desirable  to  consider  in  line  location  the  possibility  of 
retaining  as  much  as  possible  of  die  existing  highway  for  access  and 


frontage  road  purpose*.  This  becomes  an  important  item  when  related 
to  the  cost  of  mainieaance  of  traffic  during  constniction.  If  an  existing 
road  can  be  used  for  (his  purpose,  construction  costs  of  the  new  high- 
way will  be  reduced. 

In  addition  to  being  a  facilit>-  for  through  traffic,  the  existing  high, 
way  provides  access  to  a  cabin  camp  at  Spring  Creek  and  to  a  number 
of  ranches,  grazing  land,  some  cultivated  land  and  government  lands  on 
the  east  side  of  the  canyon.  Ouuide  of  access  to  die  Little  Prickly 
Pear  Creek  drainage  by  dirt  road  from  the  highway  to  Stearns,  just 
west  of  Wolf  Creek,  the  only  other  access  road  to  the  lands  on  (he 
west  side  of  the  canyon  is  at  Lyons  Creek.  Automobiles  can  travel  this 
dirt  road  for  some  distance.  This  road  is  used  by  five  ranchers  for 
access  to  lands  and  by  the  Montana  Power  Company  as  a  service  road 
for  power  and  gas  line  maintenance.  A  four-wheel  drive  vehicle  is 
required  in  order  to  follow  this  road  south  lo  the  Sieben  viciniry  or 
north  to  the  Little  Creek  area.  There  is  also  government  and  state 
land  in  this  area. 

The  same  typical  roadway  cross-sections  were  used  on  all  alter- 
nates. They  are  illustrated  on  Figures  21  and  22.  The  roadway  ditch 
will  be  fifteen  feet  from  the  edge  of  shoulder  to  bottom  of  ditch  and 
the  available  area  is  sufficient  for  the  anticipated  runoff,  it  will  also 
serve  as  a  storage  area  for  falling  rock  and  snow  removed  through 
plowing  operatiotu. 

Alternate  A 

Alternate  A  follows  the  east  side  of  the  canj'on  and  the  railroad 
from  the  entrance  of  the  canyon  to  the  town  of  Wolf  Creek.  Much  of 


this  line  parallels  (he  railroad  and.  where  the  stream  docs  not  lie 
between  diem,  the  Uqc  is  about  100  feet  from  the  centerline  of  the 
railroad.  With  this  alignment  none  of  the  present  road  could  be  retained 
as  frontage  road.  The  construction  of  a  new  frontage  road  cannot 
be  justified.  An  Interchange  at  Sheep  Creek  would  be  required  to  serve 
this  ranching  area.  All  other  access  rights  on  the  east  side  would 
have  to  be  purchased.  There  would  be  no  access  from  the  Interstate 
to  the  west  side  of  the  canyon.  The  cost  of  an  interchange  at  Lyons 
Creek  cannot  be  justified.  Some  improvement  of  the  road  from  Sieben 
to  Lyons  Creek  along  the  Mullan  Trail  for  automobile  access  for  ranch- 
ers would  be  required.  Due  to  the  controlled  access  feature  of  the 
Interstate  there  would  be  essentially  no  access  to  the  stream  or  to  the 
mountains  to  the  cast  for  sporUmen. 

The  summation  of  horizontal  deflection  angles  on  this  line  is  1200 
degrees.  The  maximum  profile  gradient  is  3.82*:^.  The  maintenance 
hi3tor>-  of  the  existing  highway  indicates  some  critical  places  which 
develop  rock  and  earth  flows  from  ground  moisrure  during  the  spring 
season. 

Alternate  B 

Alternate  B  follows  the  west  side  of  the  canyon  from  the  entrance 
of  the  canyon  to  the  town  of  Wolf  Creek.  Consideration  was  given 
this  line  because  had  it  proved  feasible,  the  present  highway  could  have 
been  retained  the  full  length  of  the  canyon.  The  first  mile  in  the  canyon 
is  located  above  vertical  cliffs.  The  line  crosses  the  rugged  rock  ridge 
above  No.  5  tunnel  of  die  Great  Northern  Railway  with  a  250  foot 
deep  cut  on  ccntline  and  then  traverses  with  a  descending  grade  the 


PAGE  14 


precipitotii  rocic  faces  beyond  the  ridge.  It  would  be  difficult  lo  find 
another  section  anywhere  of  such  craggy  terrain.   For  the  remaining 
distance  it  pamllels  the  railroad  at  lUU  feet  where  the  stream  is  on  the 
east  side  of  the  r.-iilro.id  and  ai  200  feet  where  ihe  stream  is  on  ihe  west 
side  of  the  nilrund.  Below  Lyons  Creek  the  stream  meanders  will  be 
largely  eliminated  and  the  Little  Prickly  Pear  Creek  will  be  confined 
to  the  area  faerween  the  highway  and  the  railroad.  These  channel  changes 
will  be  required  due  to  the  space  limitations  and  the  excessive  cost  of 
any  other  alignment  to  avoid  disturbing  the  sucam.  On  final  design 
any  meander  that  can  be  saved  on  the  west  side  of  the  highway  by 
means  of  small  culverts  to  handle  low  stream  flows  with  high  water 
flows  being  diverted  into  rhc  channel  change  between  the  highway 
and  che  railroad  will  be  so  treated.  Studies  were  made  of  ihe  erosion 
problems  caused  by  channel  change.  Check  dams  and  stilling  basins 
provided  in  the  channel  changes  lo  control  erosion  and  deposit  drifting 
sediment  should  also  promote  a  population  explosion  of  the  fish  life 
within  the  creek. 

The  maximum  profile  grade  is  5%.  TTie  horizontal  angles  add  up 
to  I2I0  degrees  on  the  complete  line.  This  line  has  the  greatest  total 
deflection  and  curvature  of  all  lines  studied. 

The  altgoment  of  the  first  two  miles  in  the  canyot)  is  in  and  on 
the  moit  rugged  section  of  the  whole  projen.  The  beauty  of  the  can- 
yon could  not  be  fully  seen  nor  appreciated  from  traveling  this  align- 
ment. The  vantage  provided  by  Alternate  A,  D,  E  and  F  is  far  superior 
in  this  vicinity. 

Because  of  the  nearly  vertical  slopes  on  the  jbove  mentioned  sec- 
tion, it  would  be  shaded  most  of  the  winter  montlu.  It  contains  many 


deep  ravines  which  would  require  bridging.  The  structures  required 
would  be  irregular  shaped  and  of  very  costly  construction. 

Alternate  D  --  The  Recommended  Location 

The  location  recommended  for  this  project,  is  as  follows:  the 
point  of  begining  will  be  at  Station  1 104  +  00  of  the  Sieben-South  sec- 
tion of  Iniersiaic  Route  15  which  is  under  plan  preparation  at  the  pres- 
ent time  by  the  Montana  Highway  Department.  Thi«  point  of  beginning 
is  along  the  existing  highway,  U.S.  91,  in  the  NW4  of  Section  23, 
Township  I3N,  Range  -iW,  Montana  Principal  Meridian,  approximately 
800  feel  east  of  the  section  line  common  to  Scaions  22  and  25.  The 
roadway  will  continue  northerly  along  [he  general  alignment  of  the 
existing  highway  approximately  miles  to  the  Spring  Creek  cabins, 
where  it  will  crow  both  the  Little  Prickly  Pear  Creek  and  the  Great 
Northern  Railway.  From  this  point  the  route  will  follow  along  the 
west  side  of  the  canyon  to  the  town  of  Wolf  Creek,  at  which  point 
this  portion  of  the  study  ends. 

The  alignment  from  the  projea  beginning  to  the  cabins  at  Spring 
Creek  is  the  same  as  for  Alternate  A.  the  line  that  stays  oo  the  east 
side.  After  crossing  over  the  railroad  and  the  stream  the  aligtunent  is 
the  same  as  for  Alternate  B  which  is  entirely  on  the  west  side.  The 
discussion  of  Alternate  B  from  Lyons  Creek  to  Wolf  Creek  also  applies 
to  the  recommended  line  and  will  not  be  repeated  here. 

The  roadway  will  continue  as  a  two-lane  undivided  highway  with 
10-foot  shoulders  and  two  12.foot  traffic  lanes  from  the  point  of 
beginning  for  a  distance  of  approximately  1.600  feet.  At  this  location 


there  will  be  a  transition  from  a  two-lane  undivided  highway  to  a  four- 
lane  divided  highway.  This  section  will  have  lO-foot  outside  shoulders, 
four  12-foot  traffic  lanes,  two  each  direction  and  a  46-foot  median.  The 
present  highway  south  of  the  proposed  Sicben  Interchange  will  be 
obliterated.  The  present  highway  to  the  north  will  be  retained  to  the 
timber  bridge  at  the  head  of  the  canyon  for  access  to  the  Sicben 
railroad  siding,  to  the  properties  west  of  the  railroad,  and  to  the  creek. 
This  arrangement  preserves  all  present  access  and  land  lue  in  this 
vicinity. 

The  four-lane  divided  highway  will  continue  approximately  2W 
miles  to  the  head  of  Little  Prickly  Pear  Canyon.  At  this  location  there 
will  be  a  transition  to  a  four-lane  undivided  highway  with  6  foot 
shoulders.  8  foot  flush  median,  and  median  barrier  guard  rail  which 
is  required  as  a  standard  of  the  Montana  Highway  Department.  The 
four-lane  undivided  highway  will  continue  to  the  end  of  the  project. 
The  typical  roadway  sections  are  shown  in  Figures  21  and  22, 

Two  interchanges  are  proposed  on  this  alternate.  The  one  near  the 
south  end  of  the  project  is  the  Sicben  Interchange  and  is  discussed  in 
detail  under  INTERCHANGES,  It  is  ten  miles  from  the  Sieben  Inter- 
change to  the  town  of  Wolf  Creek.  Preliminary  planning  indicates  that 
an  interchange  will  be  required  in  or  near  the  town  of  Wolf  Creek. 
Sufficient  detailed  study  of  the  routing  through  the  town  and  for  one 
mile  beyond  has  been  made  by  the  Consultant  to  conclude  that  the 
Wolf  Creek  Interchange  is  not  feasible  on  the  west  edge  of  town- 
Ramps  only  on  the  west  edge  of  town  may  be  desirable  and  can  be 
incorporated  within  the  end  of  this  project  under  final  design.  How- 


ever,  ibe  evaluation  and  juscif icaiion  of  that  intercliangc  i\  beyond 
tbe  scope  of  tbis  report. 

Because  (be  distance  between  these  two  interchanges  ij  len  miles, 
it  is  functionally  desirable  that  another  interchange  be  located  between 
them  if  construction  costs  can  be  justified.  The  only  access  roads  within 
the  canyon  from  the  present  highway  to  properties  on  the  west  side  is 
the  road  at  Lyons  Creek.  This  area  on  the  west  is  used  by  five  ranchers 
and  the  Montana  Power  Company,  as  a  service  road  for  gas  line  and 
power  line  inspection  and  maintenance.  In  the  past,  this  road  has  also 
been  used  by  hunters.  The  minimum  facility  here  would  be  a  grade 
separation  with  clearance  to  accommodate  maintenance  trucks  and 
cattle  trucks. 

On  and  off  ramps  as  can  be  integrated  by  high  standards  of  design 
are  desirable  for  more  than  one  reason.  They  will  facilitate  fuller 
utdization  of  the  remaining  eight  miles  of  existing  highway  on  the 
east  side  by  generated  traffic  and  by  present  users  of  the  access  road 
up  the  Lyons  Creek  drainage.  The  present  road  will  remain  from 
Spring  Creek  to  Wolf  Creek,  thus  affording  the  public  easy  access  to 
the  area  for  hunting,  fishing,  and  other  recreational  purposes. 

Another  purpose  which  this  access  facility  provides  is  difficult  to 
evaluate  accurately  in  terms  of  dollars  but  one  that  is  very  important. 
It  is  the  additional  flexibility  and  practicability  provided  for  access  to 
Federal,  State,  and  private  lands  in  case  of  forest  fires  such  as  occurred 
in  the  Sieben  area  in  the  summer  of  1960. 

The  maximum  profile  grade  on  this  alternate  is  5%.  The  summa- 
tion of  horizontal  deflection  angles  is  1185  degrees,  which  is  a  28% 
reduction  from  the  total  of  1650  degrees  on  the  present  highway. 


Alternate  C 

The  alignment  of  Location  C  is  similar  to  Lomiion  D  in  that  it 
follows  partly  down  the  cast  side  and  partly  down  the  west  side  of  the 
canyon.  The  difference  is  in  the  location  of  the  crossover.  The  PC  2 
Crossover  of  Line  C  also  crosses  the  ridge  near  die  No.  5  railn;ad  tun- 
nel but  much  higher  up  on  the  ridge.  It  then  descends  along  the  »ame 
precipitous  rock  faces  north  of  the  ridge  as  on  Line  B.  Extremely  diffi- 
cult construction  problems  would  be  encountered  here.  The  additional 
mile  of  existing  highway  south  of  the  Spring  Creek  cabins  which  would 
be  preserved  under  this  alternate  is  not  significant  since  diere  has  been, 
to  date,  no  access  to  adjoining  land  from  this  stretch  of  road.  The 
Lyons  Creek  Interchange  would  serve  on  this  line  as  well  as  on  Line 
D  and  for  the  same  reasons. 

The  maximum  profile  gradient  for  this  line  is  5%.  The  summa- 
tion of  horizontal  dcflcaion  angle  is  1 180  degrees. 

Alternate  E 

The  alignment  of  Location  E  is  similar  to  Location  D  except  for 
the  site  of  the  crossover.  The  PC  4  croMOver  of  Line  E  was  investigated 
as  a  logical  attempt  lo  reduce  alignment  curvature.  Where  the  align- 
ment leaves  the  east  side  to  cross  the  stream  and  railroad,  it  tra- 
verses one  of  the  larger  slide  are;u  in  the  canyon.  The  slide  covers 
a  fault  which  trends  normal  to  the  highway  and  the  slide  talus  has 
been  created  by  the  faulting  aaion.  The  only  evidence  of  ground  water 
seepage  noted  in  the  canyon  is  in  this  area.  Maintenance  on  the  present 
highway  in  the  spring  is  extremely  difficult  north  of  the  slide.  This 


is  prompted  not  only  by  surface  run-off.  but  also  by  ground  water 
percolating  into  the  faulted  zone.  The  present  highway  as  access  road 
from  the  north  would  terminate  here.  The  maximum  profile  gradient 
for  this  alternate  is  5%.  The  summation  of  horizontal  deflection  angles 
is  1100  degrees. 

Alternate  F 

Location  f  is  the  same  as  A  Line  on  the  east  side  of  Lyons  Creek 
and  the  same  as  B  Line  on  the  west  side  from  Lyons  Creek  to  Wolf 
Creek.  The  PC  5  Crossover  for  Line  F  occurs  at  Lyons  Creek.  A  struc- 
ture would  be  required  on  the  crossover  line  to  span  the  stream  and 
existing  connecting  road  to  provide  continued  access  to  the  land  west 
of  Lyons  Creek.  However,  under  diis  alternate,  it  would  be  economically 
unfeasible  to  construct  an  interchange  at  Lyons  Creek.  The  physical 
features  are  prohibitive.  Existing  highway  utilization  for  access  would 
be  less  than  for  Alternates  C  D,  and  E.  The  maximum  profile  gradient 
for  this  line  is  4.42%.  The  summation  of  horizontal  deflection  angles 
is  1150  degrees. 

Interchanges 

Sieben  Interchange 

Evaluation  of  traffic  service  before  and  after  interstate  construc- 
tion dictated  providing  two  interchanges  within  the  limiu  of  the  proj- 
ect.  The  interchange  at  Sieben  is  required  to  serve  the  present  county 
road  to  Silver,  the  area  of  the  Sieben  railroad  siding  and  to  provide 
access  and  crossing  fadlilies  for  the  Sieben  Ranch  properties  which 


PAGE  16 


lie  on  boili  sidet  of  (he  present  and  proposed  highways.  The  toicrchaage 
layout  for  Alternate  B  would  be  located  ai  the  railroad  to  cake  advan- 
tage of  the  railroad  overpass  struaure  thai  would  be  required  anyway 
for  this  location.  The  arrangement  would  be  a  balf-cloverleaf  and 
would  require  a  short  connecting  road  north  to  the  existing  highway 
and  a  longer  connecting  road  to  the  south  to  joio  the  county  road  to 
Silver.  This  layout  would  provide  full  service  for  access  to  or  exit 
from  the  Intcrstaic  highway  and  is  shown  on  Figure  105.  Ramp  grades 
would  not  exceed  i%. 

The  Sicbcn  Interchange  required  for  all  other  locations  is  a  full 
diamond  pattern  and  provides  the  same  traffic  service  as  ihc  one  just 
discussed.  However,  it  is  located  at  the  present  junaion  of  the  county 
road  to  Silver  and  existing  U.  S.  91  and  would  not  involve  as  mudi 
conncaing  road  or  right-of-way.  Ramp  grades  would  not  exceed  4.53%. 
The  ioicrstate  over  the  local  road  i*  favorable  here  for  several  reasons. 
This  arrangement  fits  the  terrain.  It  is  desirable  to  have  the  Inter- 
state over  to  avoid  any  restriction  that  could  occur  with  (he  reverse 
arrangement.  There  is  no  cttsi  advantage  to  be  gained  by  having  the 
local  over  the  Interstate  due  to  the  long  high  fill  that  would  be  required 
on  the  road  to  Silver  due  to  the  falling  grade  of  the  original  ground 
to  the  west  of  5.5%.  It  will  be  easier  to  transfer  groups  of  livestock  on 
the  ground  under  the  Interstate  than  across  a  bridge  over  it.  The  angles 
of  divergence  and  convergence  for  ramps  is  less  than  five  degrees. 

Lyons  Creek  Interchange 

A  workable  layout  for  the  Lyons  Creek  Interchange  is  shown  on 
Figure  9.  It  is  economically  feasible  as  discussed  under  ECONOMIC 


ANALYSIS,  however,  an  accident  hazard  cnuld  develop  from  improper 
and  illegal  ramp  use  and  this  possibility  should  be  thoroughly  in- 
vestigated. 

Sufficient  acceleration  and  deceleration  lanes  length  can  be  pro- 
vided with  angles  of  convergence  and  divergence  for  ramps  of  less 
than  five  degrees.  Ramp  grades  do  not  exceed  8%.  The  short  leg 
which  connects  with  the  road  leading  west  is  15%,  but  (his  is  con- 
sistent wi(h  prc«eo(  condi(ions  and  satisfactory  for  (he  vehicles  which 
will  use  this  road.  The  connecting  road  to  the  present  highway  will 
have  an  at-grade  railroad  crossing  with  an  automatic  flashing  signal. 
With  a  small  volume  of  trains  (presently  an  average  of  four  per 
day)  using  the  railroad  and  a  relatively  low  future  traffic  count, 
the  crossing  is  all  that  is  warranted  and  is  acceptably  safe.  A  new  small 
bridge  designed  to  minimum  standards  is  required  for  the  creek  cross- 
ing. 

A  very  thorough  investigation  has  been  conducted  in  locating  this 
interchange.  Some  of  the  pertinent  factors  considered  will  be  pre- 
sented. A  minimum  facility  for  all  lines  on  the  west  side  of  the  canyon 
would  be  a  grade  separation  in  order  to  at  least  maintain  the  present 
access  to  Lyons  Creek.  Therefore,  if  an  interchange  was  located  up 
or  downstream  from  Lyons  Creek,  there  would  still  be  the  expense  of 
the  grade  separation  structure  or  additional  access  road  along  the  west 
side  to  the  al(erna(c  interchange  location.  Due  (o  the  narrowness  of 
the  canyon  and  controlling  topography  it  would  be  ver>'  costly  to 
construct  a  frontage  road.  For  the  same  reason  there  is  no  location 
cither  to  the  north  or  south  of  Lyons  Creek  by  which  full  access  and 


exit  service  to  (he  Interstate  could  be  provided  without  excessive 
unjustifiable  construction  costs. 

SKeep  Creeic  Interchange 

This  interchange  would  be  required  for  Line  A  only.  It  involves 
additional  vertical  and  horizontal  clearance  of  a  new  bridge  over 
Sheep  Creek.  In  addition  an  on  and  off  ramp  would  be  required.  This 
arrangement  would  serve  only  the  properties  in  the  Sheep  Creek  drain- 
age, but  it  is  estimated  (o  be  less  expensive  than  purchasing  the  land 
or  access  rights.  The  layout  is  shown  on  Figure  103. 

Hydraulics  and  Drainage 

This  section  of  the  report  pertaining  to  the  hydraulic  design  in- 
volved in  the  projeCT  covers  the  peak  design  stream  flows  in  Little 
Prickly  Pear  Creek  and  its  tributaries.  These  flows  will  be  used  in 
final  design  of  bridges,  pipe  culverts,  and  channel  changes.  The 
need  for  erosion  safeguards  in  connection  with  creek  channel  changes 
is  also  discussed. 

Drainage  Area 

The  sketch  shows  the  Little  Prickly  Pear  Creek  Drainage  Basin. 
This  basin  is  bounded  on  the  west  by  the  Continental  Divide  with 
elevations  from  6500  to  8000  feet.  The  creek  discharges  into  the 
Missouri  River  at  the  northeast  corner  of  the  basin  at  an  elevation 
of  about  3500  feet.  The  mean  elevation  is  a  little  over  5000  feet. 
The  mountains  in  the  drainage  area  along  the  Continental  Divide 


are  forested.  However,  the  largest  portion  of  the  area  is  rolling  or 
mountainous  gruslaod  with  little  timber. 

Past  Floods 

Two  discbarges  in  the  Little  Pricldy  Pear  Drainage  Basin  of  flood 
proportions  have  been  experienced  in  this  century.  These  storms  have 
resulted  from  spring  runoff  or  from  a  combination  of  spring  runoff 
and  rain.  The  first,  and  apparently  most  severe,  was  experienced  in 
1908.  During  this  high  water  period,  the  Great  Northern  Railway 
could  not  operate  through  Wolf  Creek  Canyon  for  a  period  of  29 
days  due  to  sections  of  their  trackage  being  flooded.  The  railroad 
has  since  raised  their  roadbed  in  several  places.  A  second  flood  was 
experienced  in  the  Town  of  Wolf  Creek  in  1953.  Some  homes  at  the 
lower  elevations  were  damaged  by  water  and  considerable  ground 
in  the  canyon  which  is  normally  above  stream  level  was  flooded. 

Records  of  Flood  Flows 

The  U.  S.  Geological  Survey  and  the  Montana  State  Water  Con- 
servation Board  have  compiled  stream  flow  data  on  many  of  Mon- 
tana's rivers  and  streams.  Peak  stream  discharge  for  U.S.G.S.  water 
gaging  stations  in  the  surroundings  area  are  indicated  on  the  chart. 
However,  no  dau  is  available  to  indicate  the  flood  flows  of  Little 
Prickly  Pear  Creek  in  either  die  1953  or  1908  floods. 

Slope-Area  Flood  Flow  Estimates 

The  Montana  State  Highway  Commission's  Bridge  Department 
has  recorded  the  high  water  elevation  in  1953  for  the  bridge  on 
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Highway  287  in  Wolf  Creek.  It  was  also  possible  to  detenmnc  tUc 
1953  flood  water  elevation  from  a  resident  living  in  the  lower  pan 
of  Wolf  Creek  with  reference  to  the  front  door  sill  of  the  ivsideace. 
Crtws  sections  of  the  stream  channel  above  the  bridge  and  also  below 
Wolf  Creek  were  taken  and  two  Slope-Area  dcterminadoos  made  of 
die  apparent  1953  flood  flow  u  indicated  by  the  channel  condirioos 
existing  in  the  Fall  of  I960.  The  results  of  these  two  deienninaaom 
arc  shown  on  the  preceding  chart.  Using  the  average  of  these  two 
values  and  the  contributing  drainage  area  determined  from  topographic 
drawings,  the  Meyer's  Equation  for  peak  discharges  in  this  draitiage 
area  was  computed  to  be  Q=220^[M''].  "M"  is  the  contributing 
drainage  area  in  square  mites  and  "Q"  is  the  peak  discharge  in  cubic 
feet  per  second.  The  line  representing  this  equation  is  plotted  on  a 
log-log  scale  on  the  preceding  chart.  It  is  eniouted  that  the  peak 
discharges  thus  obtained  represent  a  flow  that  is  to  be  expected  once 
in  every  25  to  50  years. 


Hydraulic  Design 

The  preliminary  and  final  design  of  bridges,  channel  changes, 
and  culverts  for  the  Little  Prickly  Pear  Creek  and  its  tributaries  is 
based  on  (be  chart  shown  previously  atuj  derived  as  discussed  in  ibe 
previous  paragraph  for  areas  draining  over  one  square  mile.  Flood 
drainage  from  areas  of  le»  than  one  square  mile  will  be  computed 
using  the  Talbot  Formula  for  maximum  runoff  with  a  rainfall  in- 
tensity of  one  inch  per  hour. 


PAGE  18 


Stream  Erosion  Control 

The  proposed  rosdn  ny  alignmcni  requires  several  channel  diiingvs 
of  Little  Prickly  Pear  Creek.   For  u  considerable  distance  it  will  be 
necessary  to  pluce  the  creek  channel  on  a  relatively  straight  alignment 
between  the  exiting  railroad  and  the  new  Inicrstate  Highway.  In 
general,  these  channel  changes  will  eliminate  some  meanders  in  the 
stream  and  reiuli  in  a  smoother  channel  on  a  slightly  steeper  grade. 
Without  safeguards,  this  would  result  in  a  higher  velocity'  with  con- 
siderable danger  of  detrimental  erosion  of  the  new  stream  bed.  Erosion 
problems  would  be  a  particular  faaor  during  the  early  years  of  the 
projects  completion  due  to  the  tcndcnc)-  for  fine  materials  disturbed 
by  coastruaion  of  the  stream  chatuiel  change  to  be  carried  downstream. 
This  could  result  in  damaging  deposits  building  up  at  the  flatter 
lower  sections  of  ihe  stream.  It  is  plannixl  to  provide  stream  control 
structures  »nd  settling  basins  along  the  proposed  channel  changes  to 
offset  the  detrimental  effect\  of  changinp  ilit  csiablished  stream  bed, 

Stream  Control  Structures 

Consideration  has  been  given  to  the  use  of  concrete,  meial  bin 
wall,  and  rock  and  earth  dams  at  frequent  enough  intervals  in  the 
new  scream  channel  to  control  the  sireambcd  and  streamflow.  It  is 
proposed  to  uic  a  combination  earih  and  rock  dam  with  a  steel  sheet 
pile  cutoff  wall  as  a  stream  control  struaure.  Figure  23  shows  pro- 
posed details  for  these  structures.  The  dam  will  be  faced  with  heavy 
rock,  constructed  as  special  placement  of  rock  embankment,  of  suf- 
ficient siie  to  maintain  its  place  during  heavy  sircnm  flows.  The 
steel  piling  cutoff  wall  will  prevent  percolation  through  the  structure 


from  destroying  the  dam's  stabilit}'.  Large  boulders  will  be  dropped 
at  random  downstream  as  energy  dissipators.  An  allowance  of  $7,000 
has  been  made  for  the  construction  of  each  of  these  control  stniciures. 
It  is  planned  to  use  from  iO  to  50  of  the  structures  in  the  final  design 
of  Alternate  D. 

Stream  Settling  Basins 

The  stream  channel  changes  occur  in  locations  where  borrow  ma- 
terial is  required  for  construction  of  the  adiaceni  roadway  embank- 
ment, li  is  planned  to  obtain  a  portion  of  this  borrow  from  the  area 
200  to  }00  feet  above  each  of  the  proposed  control  siruaures.  This 
will  create  a  large  deep  basin  above  each  of  the  stream  checks  where 
eroded  material  carried  by  the  stream  will  be  deposited.  In  this 
muiner,  large  damaging  deposits  of  sediment  will  be  alleviated  down- 
stream. 

Fish  Life  Protection 

The  relatively  large  ponds  resulting  above  each  of  the  stream 
control  structures  will  in  die  years  ahead,  provide  a  very  beneficial 
environment  for  the  restoraiion  and  improvement  of  any  fishing  poten- 
tial endangered  by  the  required  stream  channel  changes.  The  numerous 
ponds,  possibly  300  feet  long.  50  to  100  feet  wide  and  10  to  15  feet 
deep  81  the  center  will  provide  a  natural  refuge  and  habitat  for  a 
very  large  fish  popuJation.  The  channel  change  areas  of  relatively 
uniform  slope  and  depth  will  also  provide  a  very  desirable  environ- 
ment for  biological  and  other  growth  desirable  as  a  source  of  food 
for  fish  life. 


Pipe  Culverts 

Pipe  culverts  required  for  major  creeks  are  shown  on  ihe  Plan- 
Profile  drawings  for  all  alternate  alignments.  All  other  pipe  culverts 
were  determined  on  a  drainage  area  basis  using  V.  S.  Geologic  Survey 
quadrangle  contour  maps.  They  are  not  indicated  on  the  Plan-Pro- 
file drawings,  but  appear  in  summary  form. 


SUMMARY  OF  CULVERTS  REQUIRED 


AJij>nfnfnrc  nr> 

urainage  Area 

Culveri  C 

Acres 

Inches 

ABCDF 

10+00 

160 

48 

19*  00 

2 

24 

20+00 

2 

24 

ACIJeF 

48+00 

1200 

96 

61  +00 

145 

48 

81+00 

1295 

102 

ADEF 

113+00 

130 

42 

131+00 

192.000 

240 

141  +  00 

50 

30 

1 56+00 

1050 

96 

A£F 

164+00 

40 

30 

AF 

194+00 

155 

48 

201+00 

895 

90 

215  +  00 

30 

30 

A 

259+00 

20 

24 

220+00 

50 

30 

290+00 

195 

54 

304+00 

200 

54 

327+00 

240 

54 

3464  00 

140 

48 

356  (  UO 

150 

48 

368+30 

85 

36 
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SUMMARY  OF  CULVERTS  REQUIRED— (Continued) 
Alignmeo«on  Drainage  Area      Culvcn  Dia. 


Which  Required               Siaiion  Acres  Inches 

381+00  60  36 

400+00  110  42 

407+00  100  42 

447+00  60  36 

451+00  220  54 

470+00  150  48 

480+00  90  42 

495+00  100  42 

515+00  120  42 

534+50  30 

B                                64+00  1  24 

105  +  50  75  36 

112+00  75  36 

BCD                           183+00  200  54 

188+00  bk.  170  48 

203+00  120  42 

BCDE                         219+00  6000  108 

236+00  7680  180 

249+50  100  42 

BCDEF                       278+00  150  48 

284+50  760  84 

319+00  145  48 

344+00  125  42 

358+00  200  54 

368+00  850  90 

376+50  50  36 

399+00  65  36 

432+00  510  72 


SUMMARY  OF  CULVERTS  REQUIRED— (Continued) 


nignmenis  on 

Urmnage  Are;i 

Culvert  Dia. 

Which  Required 

Station 

Acres 

Inches 

454+00 

175 

54 

475+00 

6250 

13.5x9.5 

480-^00 

I 

24 

504+00 

7.5 

24 

C 

142+00 

36 

154+00 

36 

E 

203+00 

42 

BCDEF 

504+00 

24 

Lyotu 

Interchange  233+50  (250'  rt.)     7680  180 


All  crossings  of  the  Liiilc  Prickly  Pear  Creek  by  die  Interstate 
will  be  with  bridges  except  for  the  use  of  a  20-foot  diameter  one  gage 
structural  plate  pipe  culvert  proposed  at  Station  131+00,  on  Alternate 
D.  See  Figure  7.  This  culvert  will  handle  the  design  flood  with  no 
backwater  interference  to  the  railroad  upstream.  An  invert  slope  of 
0.014  feet  pet  foot  will  accommodate  4000  c.f.s.  with  less  than  a  five 
foot  backwater  head  and  a  velocity  of  less  than  13  f.p.s.  In  order  to 
insure  no  undertnining  of  the  existing  railroad  bridge  on  the  down- 
stream side,  the  culvert  will  be  extended  under  this  bridge. 

The  use  of  a  bridge  at  this  location  would  pose  a  problem  for 
disposal  of  268,500  cubic  yards  of  excavation  from  the  high  rock  ridge 
which  precedes  this  location.  A  bridge  is  csrimated  to  cost  $315,000 
as  opposed  to  the  culvert  installation  at  S203.140. 


Maior  Structures 

General 

This  discussion  of  major  struaures  covers  the  interchiioges.  bridges 
and  overpasses  required  for  the  Siebeo  to  WoU  Creek  Section  of  Inter- 
state Highway  15.  Preliminary  layouts  were  prepared  for  all  major 
structures  considered  on  the  various  alternate  locations.  A  preliminary 
cost  estimate  was  made  for  each  of  these  layouts  based  on  the  use 
of  deck  type  structures  throughout.  The  cost  areas  for  these  structures 
were  determined  using  the  overall  width  of  structure  plus  one  foot 
and  length  of  the  structure  between  center  line  of  bearings  on  abut- 
ments in  accordance  with  the  MSHC  Bridge  Department  praaic*.  These 
cost  estimates  were  utilized  in  the  overall  construction  costs  of  the 
six  highway  locations  studied.  A  cost  summary  of  all  structures  ap- 
pears in  Figure  202.  Locariotis  of  all  struaures  considered  arc  shown 
on  the  Location  Plan  of  Alternates  Studied  on  pages  2  and  3,  and  are 
also  indicated  on  the  Plan-Profile  drawings. 

Ail  structures  will  be  designed  in  accordance  with  the  latest  edi- 
tion of  the  A.A.S.H.O.  Sundard  Specifications  and  current  Montana 
Highway  Department  Standards-  Structures  will  be  provided  with  l'-9" 
wide  safety  curbs  and  the  latest  standard  bridge  rail  used  by  the  State. 

Following  selection  of  Alternate  D  as  the  most  feasible  location 
for  the  Iniersiatc  Highway  in  the  Sicbcn  to  Wolf  Creek  area,  an  exhibit 
layout  (Figures  24  through  28)  for  each  of  the  proposed  structures 
on  this  location  was  prepared.  Five  major  structures  will  be  required 
between  Sieben  and  the  mouth  of  Wolf  Cteek.  Two  of  these  will 
be  interchange  structures,  one  will  he  a  bridge  across  Little  Prickly 
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Pear  Creek  for  ihc  Interstate  Highway,  one  will  be  a  bridge  and  rail- 
road overpass  for  the  Interstate  Highway,  and  one  will  be  a  bridge 
for  an  access  road  ucrou  Linic  Prickly  Pear  Creek, 

Preliminary  Cost  Estimates 

Preliminary  co»t  atimatts  for  this  study  are  based  on  square  foot 
unit  costs  developed  after  reviewing  structure  contract  awards  by  the 
MSHC  for  the  years  1939  and  1960.  Unii  costs  of  S10.30  per  square 
foot  for  pre'Strvucd  concrete  girder  construction  and  $11.50  per  square 
foot  for  rolled  steel  girder  construction  were  used. 

On  curved  structures,  the  unit  costs  were  increased  five  percent 
because  of  inherent  increued  construction  difficulties.  Costs  of  retain- 
ing walls,  including  metal  bin  wall  used  to  retain  approach  fills,  have 
been  added  into  the  total  struaure  estimates.  An  allowance  of  ten 
percent  has  been  added  to  cover  contingencies.  Channel  change  costs 
are  included  in  the  grading  work  estimates. 

The  Alternate  B  location  which  is  not  the  recommended  location, 
is  on  the  west  side  throughouc  the  length  of  the  canyon.  The  first 
mile  at  the  south  end  of  the  canyon  is  extremely  rugged  terrain  for  a 
highway  location.  Many  deep  ravines  extend  into  the  canyon  walls. 
This  is  readily  npparcni  from  the  contour  maps  and  pboiographs. 
Figures  5  and  6.  For  thb  location  many  non-symmetrical  bridges  would 
be  required.  In  plan  view  they  would  be  trapezoid  or  pic-shaped. 
A  cost  estimate  was  made  for  this  group  of  struaurcs  and  is  listed 
as  the  last  item  in  the  summary'  of  structures  n)st.  Figure  202.  These 
structures  are  not  shown  on  the  plan  profile  drawings  for  Line  B, 


Structure  PE  10 
SIEBEN  INTERCHANGE 

The  Sicben  Interchange  will  carry  the  divided  -i-ianc  Interstate 
Highway  from  the  south  over  a  connection  to  two  local  roads,  one 
of  which  goes  to  Sicbeo  and  the  other  parallels  Little  Prickly  Pear 
Creek  to  Silver  and  Canyon  Creek.   This  struaure  is  on  a  section 
of  tangent  highway  and  the  proposed  layout  is  shown  in  Figures  3 
and  24.  The  road  under  the  interchange  will  have  a  24-fooi  width. 
The  interchange  will  provide  a  minimum  vertical  clearance  of  M'-O" 
plus  an  allowance  of  4  inches  for  future  added  pavement  on  the  road 
below.  The  interchange  will  include  two  similar  structures  construaed 
with  precast  prcstressed  concrete  girders  suppnrcing  a  concrete  deck. 
Each  structure  will  consist  of  three  spans  utilizing  MSHC  Standard  35- 
foot  Prestressed  Girders.  The  I<»al  road  will  pass  through  the  center 
span.  The  open  end  spans  will  permit  termination  of  the  Interstate 
Highway  road  embankmenu  in  an  attractive  and  economical  manner. 
Since  the  siruaures  are  relatively  short,  the  full  38-foot  shoulder  to 
shoulder  roadway  widths  will  be  carried  across  the  structures. 

Structure  PE  20 

BRIDGE  ACROSS  LITTLE  PRICKLY  PEAR  CREEK 

The  selcacd  Location  D  requires  crossing  Little  Prickly  Pear  Creek 
just  east  of  the  most  southerly  railroad  tunnel  in  the  Canyon.  The 
use  of  a  structure  rather  than  one  or  more  large  pipe  conduits  is  re- 
quired at  this  location  due  to  the  backwater  problem  that  would  be 
created  without  a  wide,  open  channel.  The  structure  will  be  liKatcd 


on  a  curve  and  will  cross  the  creek  ai  approximately  a  -i5-degrec 
angle.  The  tentative  layout  of  this  structure  is  shown  in  Figures 
6  and  25. 

It  is  believed  thai  the  final  construction  site  survey  will  show 
the  economy  of  using  a  relatively  low  concrete  retaining  wall  along 
with  the  south  bridge  abutments  ^is  indicated  on  the  exhibit  to  elim- 
inate a  south  end  span  on  the  east  half  of  the  structure.  The  proposed 
structure  has  been  laid  out  with  seven  spans  for  the  west  half  of  the 
structure  and  six  spans  for  the  east  half.  MSHC  Standard  Prestressed 
Girders  of  60  and  70-foot  lengths  will  be  utilized.  Metal  bin  wall  will 
be  utilircd  along  the  creek  at  the  north  end  of  the  structure  to  retain 
the  roadway  fill.  This  is  considered  more  economical  than  construct- 
ing the  struaure  longer  to  prevent  the  embankment  from  spilling  into 
the  creek  without  the  use  of  the  bin  type  retaining  wall.  Since  the 
structure  will  be  long,  the  clearance  from  the  roadway  to  the  curb 
will  be  reduced  from  ihc  6-fooi  shoulder  width  to  the  2-foot  minimum 
clearance  width  to  save  on  structure  costs. 

Structure  PE  33 

BRIDGE  ACROSS  LITTLE  PRICKLY  PEAR  CREEK 

AND  OVERPASS  OVER  THE  GREAT  NORTHERN  RAILROAD 

The  PC-3  Crossover  on  Line  D  requites  a  structure  on  a  curve 
to  carry  the  Interstate  Highway  across  Little  Prickly  Pear  Creek  and 
over  the  Great  Northern  railroad.  Minor  revision  and  realignment  of 
the  creek  channel  will  be  required  at  this  structure  location.  It  is 
planned  to  place  two  concrete  "T"  bents  in  the  stream  channel  as 
indicated  on  the  exhibit  layout.  Figures  8  and  26. 
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A  jtccl  girder  straddle  bent  will  be  placed  across  the  railroad. 
Other  bents  for  the  structure  will  be  concrete  "T"  benu.  Rolled  steel 
gtrder  spans  are  planned  ai  the  railroad  and  MSHC  Standard  Pre- 
stressed  Concrete  Girders  at  other  locations.  The  structure  will  utilize 
eight  spans  and  be  approximately  549  feet  in  length.  A  minimum 
vertical  clearance  of  23'-0"  plus  an  allowance  of  6  inches  for  future 
ballast  will  be  provided  over  the  railroad.  The  railroad  at  this  location 
IS  in  a  very  restriaed  area,  being  generally  on  a  steep  rocky  side- 
slope.  Consequently,  it  is  not  believed  practical  to  operate  off  track 
equipment  along  the  railroad  track  at  this  point.  It  is  proposed  to 
provide  minimum  horizontal  railroad  clearances  of  lO'-O"  on  each 
side  of  the  railroad  tcnterline  at  this  location.  Approval  of  the  Great 
Northern  Railway  Company  will  be  required  for  the  railroad  clear- 
ances and  final  layout. 

The  2-foot  minimum  clearance  width  will  be  used  from  the  road- 
way to  the  curb  rather  than  the  6-fooi  roadway  shoulder  width.  Bio 
type  retaining  wall  will  be  utiliicd  in  connection  with  both  approach 
fUIs. 

Structure  PW  15 

LYONS  CREEK  INTERCHANGE 

The  Lyons  Creek  Interchange  will  carry  the  4-Iane  Interstate  High- 
way  over  tbe  local  road  providing  access  to  the  existing  highway  and 
to  the  Lyons  Creek  road.  The  layout  for  this  stniaute  is  shown  in 
Figures  9  and  27.  The  local  road  under  the  Interstate  will  have  a 
24-foot  width.  The  interchange  will  provide  a  I4'.0"  minimum  vertical 
clearance  plus  an  allowance  of  4  inches  for  future  added  pavement 


on  the  road  below.  The  interchange  will  carry  the  full  68-foot  road- 
way width  across  the  structure.  A  spiral  curve  of  the  roadway  align- 
ment  extends  into  the  bridge  location.  However,  the  structure  will  be 
widened  about  2  feet  rather  than  to  curve  it  to  the  roadway  centerline. 

Three  spans  of  MSHC  Standard  50-fooi  Presircssed  Girders  will 
be  utilized  to  support  the  concrete  bridge  deck  as  indicated  on  the  ex- 
hibit layout.  Special  consideration  of  abutment  wingwalb  will  be 
given  (o  permit  retaining  the  approach  fills  in  a  proper  manner  with 
a  minimum  5-foot  ditch  on  the  roads  below. 

Structure  PW  7 

BRIDGE  ACROSS  LITTLE  PRICKLY  PEAR  CREEK 
fOR  ACCESS  ROAD  BELOW  LYONS  CREEK 

The  Lyons  Creek  Interchange  will  provide  access  to  the  present 
If.  S.  Highway  91.  This  will  require  construction  of  a  bridge  across 
Little  Prickly  Pear  Creek  a  short  distance  below  the  mterchange. 
Figures  9  and  28  illustrate  die  layout.  It  is  planned  to  use  a  two-span 
structure  with  partially  closed  end  abutments.  Alignment  and  topo- 
graphic conditions  make  it  inadvisable  to  consider  a  longer  fully  open 
end  type  structure.  Girders  will  be  MSHC  Standard  55-foot  Prcstressed 
Girders. 

The  structure  width  is  based  on  two  twelve-foot  traffic  lanes 
plus  three  feet  additional  on  the  inside  lane  because  the  road  align- 
ment is  curved.  In  addition  to  this,  there  will  be  two  feet  beyond 
tbe  edge  of  traffic  lanes  each  side  plus  an  additional  variable  amount 
to  permit  simple  construction  of  a  stmight  rather  than  a  curved 
structure. 


Design  Loadings 

The  four  structures  carrying  die  Interstate  Highway  will  be  de- 
signed for  a  H20-S16  struaure  loading  or  for  the  alternate  military 
wheel  loading  where  the  alternate  load  is  more  severe.  The  bridge 
suuciure  for  the  access  road  below  Lyons  Creek  will  be  designed  for 
an  H15'S12  structure  loading. 

FouncJation  Investigations  and  Site  Surveys 

When  work  on  construction  plans  is  commenced,  a  detailed  site 
survey  wdl  be  made  at  eadi  structure  location  and  foundadoo  bor- 
ings will  be  made.  Final  construction  layouts  will  reflect  the  require- 
ments of  this  more  detailed  site  information. 

Economic  Analysis 

An  economic  analysis  in  the  form  of  a  n>ad  user  benefit  study  is 
made  to  compare  on  a  cost  basis  alternate  locations  or  routes  with 
similar  terrain  and  design  conditions.  For  a  valid  comparison  the  type 
of  highway  facility  and  die  traffic  served  should  generally  be  the  same. 
The  results  of  this  analysis  is  a  cost  comparison  which  proportions  due 
consideration  to  the  items  Uiat  can  be  evaluated  in  terms  of  true  cost 
in  dollars. 

Mote  thiin  the  initial  construction  costs  must  be  considered.  This 
has  long  been  recognized  as  revealed  in  the  statement  from  "  A  Manual 
of  the  Principles  and  Practices  of  Road-Making"  by  W.  M.  Gillespie, 
published  in  1846.  To  quote:  "A  minimum  of  expense  is.  of  coune. 
highly  desirable,  but  the  road  which  is  truly  cheapest  is  not  tbe  one 


which  has  cost  the  lease  money,  but  the  one  which  makes  (he  most 
profitable  returns  in  proportion  to  the  amount  which  has  been  ex- 
pcndnl  upon  it."  licnu  lo  be  considered  are  consiruciion,  maintenance, 
and  vehicle  operating  costs. 

The  residents  of  the  immvdiaic  vicinity  of  3  proposed  highway 
improvement  should  be  interested  nad  concerned  with  its  Jocation. 
Also  non-resident  road  user  is  concerned  with  the  cost  of  construction 
and  maiaicoancc  since  ii  is  taxes  and  fees  paid  by  the  general  public 
which  provide  the  major  source  of  funds  for  highway  facilities.  The 
non-rcsidcot  road  user  is  also  inieresicd  from  the  si^dpoint  of  vehicle 
operating  costs. 

This  report  evaluates  ro»d  user  costs  for  automobiles  for  dif- 
ferent conditions  of  operation  on  highways  of  various  types.  These 
consider  the  following  variables  as  tabulated  in  the  informational  report. 


5.    Running  Speed 

a.  paucnger  car 

b.  truck  or  bus 
2.  Type  of  Area 

a.  rural 

b.  urban 

5.  Type  of  Highway 

a.  2-laoe 

b.  divided 

4,  Type  of  Operation 

a.  free 

b.  normal 

c.  restricted 


I.  Type  of  Vehicle 
t.  range  of  likely  values 

6.  Gradient  Class 

a.  0  to  3  percent 

b.  3  to  5  percent 

c.  5  10  7  percent 

d.  7  10  9  percent 

7.  Type  of  Surface 

a.  paved 

b.  loose  surface 

c.  unsurfaced 

8.  Ah'gnmcnt 

a.  tangent  or  flat  curvet 

b.  curved 
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Road  User  Benefit  Analysis 

The  most  economical  location  of  the  six  alternates  investigated 
for  this  project  was  determined  by  3  road  user  benefit  analysis.  The 
analysis  was  made  according  to  the  I96U  A.A.S.H.O.  informational 
report  on  "Road  User  Benefit  Analysis  for  Highway  Improvements, 
Pan  I.  Passenger  Cars  in  Rural  Areas."  Both  the  1958  ADT  and  the 
projected  1975  ADT  were  furnished  by  the  Montana  Highway  Depart- 
ment. See  drawing  of  Traffic  Volumes  and  Turning  Movemencs  on 
page  23.  The  average  annual  daily  traffic  was  considered  for  1972  which 
covers  a  20-year  period,  from  1962  to  1982.  and  is  consistent  with  the 
above  informational  report.  1962  was  used  as  the  beginning  of  the 
20-ycar  period  since  at  least  one  section  of  construction  will  be  finished 
by  this  time.  The  average  annual  daily  traffic,  1972  ADT,  was  deter- 
mined as  a  straight  line  proportion  between  the  1958  ADT  and  the 
1975  ADT. 

Truck  traffic  was  taken  as  16%  of  the  annual  average  daily  traffic 
and  the  unit  vehicle  operating  and  time  costs  for  trucks  were  consid- 
ered at  3.5  times  that  for  passenger  cars.  Tlie  percentage  of  truck 
and  bus  traffic  of  the  total  number  of  vehicles  in  operation  on  the 
present  road  was  15.5%  in  1958  and  18%  in  1959.  Truck  traffic  on 
that  ponion  of  the  present  highway  that  will  be  left  in  place  was 
estimated  at  2%.  All  unit  cosu  of  vehicle  expense  were  used  as  pub- 
lished in  the  above  informational  report  except  the  unit  cost  of  gaso- 
line, which  was  increased  from  32  cents  to  40  cents  per  gallon  to  reflect 
the  current  prices  in  Montana. 


The  average  grade  for  all  locations  is  less  than  3%  and  the  curva- 
ture for  all  lines  is  similar:  therefore,  a  gradient  class  of  0  to  3  percent 
was  used  and  curvature  was  ignored  in  determining  unit  cost.  Operation 
•was  considered  "free"  on  the  Interstate  and  normal  on  the  existing 
highway. 

A  running  speed  of  58  m.p.h.  was  used  for  the  proposed  Interstate. 
This  was  derived  from  information  contained  in  a  Special  Accident 
Study  Report  prepared  by  the  Montana  Highway  Department  several 
years  ago.  Speed  checks  performed  with  unmarked  State  cars  revealed 
an  average  running  speed  of  55  m.p.h.  for  all  traffic  including  trucks 
and  buses  on  the  present  highway  over  the  same  route.  With  a  greatly 
improved  facility,  running  speeds  will  tend  to  increase.  The  average 
speeds  of  all  vehicles  on  various  sections  of  the  new  Interstate  in  the 
State  are  near  60  m.p.h.  Total  construction,  maintenance  and  rt>ad  user 
costs  are  shown  in  Tables  1,  2,  and  4  for  the  alternate  locations.  The 
present  U.  S.  91  was  used  as  the  basic  condition  with  a  50  m.p.b. 
running  speed  for  a  comparison  with  alternates.  An  interest  rate  of 
4%  was  used  which  compares  with  recent  long  term  municipal  bond 
investments  in  this  area.  The  estimated  service  life  of  the  various 
highway  construction  items  are  as  follows: 

Right  of  Way  50  Years 

Grading  and  Drainage  40  Years 

Major  Structures  50  Years 

Surfacing  20  Years 
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Benefit  Cost  Ratio 

A  proportioQ  terined  die  benefit  cost  raiio  cjii  be  cumputed.  It 
is  ihc  relationship  of  benefits  to  costs  and  indicates  the  return  in  ihc 
form  of  road  user  bcnefiu  on  the  investment  for  the  improvements. 
A  ratio  of  one  indicates  thai  (he  annual  difference  or  saving  in  road 
user  cost  is  just  equal  to  the  annual  cost  of  ihe  improvement,  main- 
tenance and  opcnition  of  the  highway. 

Bcnclii  mil  tjtiu*  tut  the  alietnaie  routes  arc  shown  in  Table  i. 
Location  D  wju  found  to  have  the  bcsi  benefit  ratio. 

TTiis  ratio  was  found  lo  be  0.57  using  an  interest  rate  of  4  per 
cent  for  construaion  costs.  When  interest  is  not  considered,  the  benefit 
ratio  of  Line  D  is  1.13. 

Although  the  benefit  ratio  is  less  than  one  when  interest  on  con- 
struaion  cost  is  considered,  it  should  be  stated  that  at  times  ic  is 
impossible  to  show  benefits  in  excess  of  costs  for  some  portions  of 
highways.  This  point  is  clearly  stated  in  the  I960  A.A.S.H.O.  infor- 
mation report  on  "Road  User  Benefit  Analyses  for  Highway  Improve- 
ments" as  follows: 

"The  item  of  s>-stcm  solvency  is  applicable  largely  to  consid- 
eration of  a  system  or  a  group  of  State  systems  of  highways.  Some 
portions  of  any  highway  system  will  result  in  revenues  well  iti 
excess  of  the  continuing  costs  for  that  portion,  but  on  others  the 
revenue  will  not  equal  the  costs.  It  should  not  be  inferred  that  an 
insolvent  route  should  be  cloicd  or  that  a  proposed  route  which 
obviously  will  he  insolvent  should  not  be  developed.  The  praaice 


of  using  excess  revenues  of  some  roads  to  make  up  for  insufficient 
revenues  on  others  is  time-honored.  System  solvency  is  dependent 
upon  an  over-all  balitnce  and  may  include  recognized  subsidy  for 
a  part  of  the  sysiem." 

Another  meihod  of  comparison  may  be  developed  without  the 
basic  condition.  Table  4  shows  the  annual  savings  in  favor  of  the 
recommended  line.  Alternate  D.  over  all  other  alternates  considering 
all  costs  prorated  to  an  annual  basis. 

The  selected  route  will  terminate  at  Station  537+40  but  the 
economical  analysis  was  taken  to  Station  550+00  on  A  line  and  equiva- 
lent station  558+50  on  B,  C,  D,  E  and  F  lines.  This  was  done  so  there 
would  be  a  common  point  at  the  beginning  and  the  end  for  all  lines, 
including  the  basic  condition.  It  was  assumed  that  the  present  high- 
way, where  left  iniaa,  will  be  allowed  to  deteriorate  to  the  condition 
of  a  good  gravel  road.  The  construction  costs  used  to  determine  these 
benefit  ratios  do  not  include  engineering  and  contingencies. 

Lyons  Creek  Interchange  Evaluation 

An  economical  justification  of  the  Lyons  Creek  Interchanee  can 
be  shown  when  the  benefit-cost  ratio  is  one  or  greater;  that  is.  when 
(he  extra  benefit  to  the  road  user  is  equal  to  or  greater  than  the  extra 
cost  of  the  interchange.  At  Lyons  Creek  a  grade  separation  is  required 
which  would  consist  of  a  -STOCK  AND  VEHICULAR  UNDERPASS 
AND  DRAINAGE  STRUCTURE-  of  l5'-6'  span  by  13'-10"  rise 
structural  plate  pipe  arch  at  a  cost  of  S155  per  fool.  A  5  gage  metal 


is  required  because  of  the  profile  grade  of  the  Interstate  creating  a 
20-foot  fill  over  the  structure.  The  total  lengtli  of  the  pipe  is  260  feet 
or  a  cost  of  $40,300,  Gravel  backfill,  culvert  excavation  and  interior 
pavement  would  add  $3,200,  for  a  total  cost  of  S43.500.  The  total  cost 
of  the  Lyons  Creek  Inierchange.  with  rumps  is  $261,590  and  the  cost  of  a 
grade  separation  using  the  structural  plate  pipe,  without  ramps,  would 
be  $43,500.  This  creates  an  extra  cost  of  $218,090  or  an  annual  cost 
of  $10,900  using  an  interest  rate  of  4%  on  construction  cost.  TTjis 
amount  is  justified  by  the  benefit  to  the  road  user. 

Without  die  provisions  of  this  interchange,  the  road  user  travel- 
ing from  the  Sieben  end  of  the  project,  would  have  to  drive  to  Wolf 
Creek  on  the  Interstate  then  back  to  the  Lyons  Creek  area  on  the  frontage 
road,  an  extra  distance  of  over  12  miles.  The  extra  annua]  cost  to  the 
road  user  is  $500  for  one  vehicle  per  day;  therefore  it  would  require 
an  Annual  Daily  Traffic  of  22  vehicles  to  justify  this  interchange.  The 
1975  ADT  for  the  frontage  road  is  80  vehicles  and  the  estimate  1972 
ADT  is  70  vehicles.  A  portion  of  this  ADT  will  be  generated  traffic; 
however,  it  seems  reasonable  to  assume  that  at  least  22  or  approxi- 
mately W  of  these  vehicles  will  be  forced  to  travel  this  extra  distance. 
These  costs  were  determined  with  the  assumption  that  there  will  be 
ramps  on  the  west  end  of  Wolf  Creek.  If  these  ramps  were  not  con- 
structed, the  road  user  would  have  to  use  the  interchange  on  the  east 
side  of  Wolf  Creek  and  would  increase  the  travel  distance  an  extra 
3  rniles.  The  extra  cost  to  travel  this  3  miles  would  decrease  the  re- 
quired ADT,  to  justify  this  interchange,  to  approximately  18  vehicles. 


TABLE  I 
ANNUAL  ROAD  USERS  COST 


AVERAGE  DAILY  TRAFFIC 


LOCATION  AND  DESCRIPTION 


1958 
ADT 


1975 
ADT 


Ap 

19^2  Pisscngcr  Cars 

ADT  19^2  ADT  x  849? 


At 

Trucks  Be  Busses 
i9:'2  ADTx 


Ac 

Equiv.  Vehicles 
At  X  3-S 


Location  A 

Extension  at  Sieben  —  Inicrsiate,  4  Laof.  Paved 

Sicbcn  to  Lyons  Creek  —  Interstate,  4  Lane,  Paved 

Lyons  Creek  to  Wolf  Creek  —  Interstate.  4  Lane.  Paved 

Location  B 


Extension  st  Sieben 
Sieben  to  Lyons  Creek 
Lyons  Creek  to  Wolf  Occk 
Sieben  to  Lyons  Creek 
Lyons  Creek  lo  Wolf  Creek 


Interstate,  4  Lane,  Paved 
Inicrsiaie,  4  Lane.  Paved 
Interstate,  4  Lane,  Paved 
Frontage,  2  Lane,  Gravel 
Frontage,  2  Lane,  Gravel 


Location  C 

ExtcQsion  at  Sieben  —  Interstate,  4  Lane,  Paved 

Sieben  to  Lyons  Creek  —  Interstate.  4  Lane,  Paved 

Lyons  Creek  to  Wolf  Creek  —  Interstate.  4  Lane.  Paved 
Lyons  Creek  to  Wolf  Creek  —  Frontage,  2  Lane,  Gravel 

Location  D 

Extension  at  Sieben  —  Interstate.  4  Lane,  Paved 

Sicbcn  to  Lyons  Creek  —  Interstate,  4  Lane,  Paved 

Lyons  Creek  to  Wolf  Creek  —  Interstate,  4  Lane.  Paved 
Lyons  Creek  to  Wolf  Creek  —  Frontage.  2  Lane.  Gravel 

Location  E 

Extension  at  Sieben  —  Interstate,  4  Lane,  Paved 

Sieben  to  Lyons  Creek  —  Iniersiaie,  4  lane.  Paved 

Lyons  Creek  to  Wolf  Creek  —  Iniersiatc.  4  Lane,  Paved 
Lyons  Creek  to  Wolf  Creek  —  Frontage.  2  Lane.  Gravel 

Location  F 

Extension  at  Sieben  —  Interstate.  4  Lane,  Paved 

Sieben  to  Lyons  Creek  —  Interstate,  4  Lane,  Paved 

Lyons  Creek  to  Wolf  Creek  —  Interstate.  4  Lane.  Paved 
Lyons  Creek  to  Wolf  Creek  —  Frontage,  2  Lane,  Gravel 

Basic  Condition 

Extension  at  Sieben  —  Primarj',  2  Lane,  Paved 

Sieben  to  Lyons  Creek  —  Primary,  2  Lane.  Paved 

Lyons  Creek  to  Wolf  Creek  —  Primary.  2  Lane,  Paved 


980 
989 
1028 


980 
989 
1028 


980 
989 
1028 


980 
989 
1028 


980 
989 
1028 


980 
989 
1028 


980 
989 
1028 


iOOO 
2980 
2940 


3000 
2900 
2830 
80 
110 


3000 
2980 
2860 
80 


3000 
2980 
2860 
80 


3000 
2980 
2860 
80 


3000 
2980 
2860 
80 


3000 
2980 
2940 


2644 
2629 
2603 


2644 
2563 
2512 
70 
100 


2644 
2629 
2557 
70 


2644 
2629 
2537 
70 


2644 
2629 
2537 
70 


2644 
2629 
2537 
70 


2644 
2629 
2603 


2221 
2208 
2187 


2221 
2153 
2110 
69 
98 


2221 
2208 
2151 
69 


2221 
2208 
2131 
69 


2221 
2208 
2131 
69 


2221 
2208 
2131 
69 


2221 
2208 
218'' 


423 
421 
416 


425 
410 
402 
I 
2 


425 
421 
406 
1 


423 
421 

406 
1 


423 
421 
406 
I 


425 
421 
406 
1 


423 
421 
416 


1481 
1474 
1456 


1481 
1435 
1407 
4 
7 


1481 
1474 
1421 
4 


1481 
1474 
1421 
4 


1481 
1474 
1421 
4 


1481 
1474 
1421 
4 


1481 
1474 
1456 


'Estimated  2  percent  ituckx  on  froniugc  road 
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  Road  U»ers 

A  U  L  Coyr 

Total  Vehicles         Unit  Cost  Length  AxLIxLx365 

'^P  ~  Ae  Dollars /Mile  Miles  Dollars 


}  IMi 

0,096  > 

1.25 

S  162,992 

3682 

0.0965 

4.36 

565,445 

5645 

0.0965 

6.06 

777  592 

3702 

0.0965 

1.25 

S  162.992 

U.OVoS 

4,69 

592,714 

3517 

0.0965 

6.18 

765  563 

73 

0.1223 

4.81 

15.674 

105 

0.1225 

6.15 

28,826 

SI  565  769 

3 

1.25 

S  162,992 

5682 

0.0965 

4.44 

575,820 

3552 

0.0965 

6.18 

773,182 

73 

0.1225 

6.15 

20,041 

SI. 5 52  055 

3/V£ 

y.i)y6> 

1.25 

S  162,992 

3682 

0.0965 

4.40 

570,633 

5552 

0.0965 

6.18 

775.182 

75 

0.1225 

6.15 

20,041 

$1,526,848 

U.UV"  J 

1.25 

$  162,992 

5682 

0.0965 

4.56 

565,445 

5552 

0.0965 

6.18 

773,182 

75 

0.1223 

6.15 

20,041 

$1,521,660 

5702 

0.0965 

1.25 

$  162,992 

3682 

0.O965 

4.40 

570.635 

3552 

0.0965 

6.18 

773.182 

73 

0.1225 

6.15 

20,041 

$1,526,848 

5702 

0.1189 

1.25 

$  200.827 

3682 

0. 1 1 89 

4.81 

768,606 

3641 

0.1189 

6.15 

972.195 

$1,941,628 
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TABLE  2 

ANNUAL  CONSTRUCTION  AND  MAINTENANCE  COST 

Cunstruccion  Costs  ai  4  Percent  IniiTCsi 


Estimated  Life    Total  Cost 


Location 

Item 

Year? 

Dollars 

A 

Right  of  Way 

50 

425.927 

Grading  and  Drainage 

40 

1 3.169.  J15 

Major  Structure} 

50 

1,095,000 

Surfacing 

20 

1.055.205 

Maintenance:  Iniersiace  = 

]  1 .67  Miles  (' 

$3,000,  Mile  = 

Xoiol 

D 
D 

fVigni  oi  way 

>U 

Grading  and  Drainage 

40 

10.512.877 

Major  Mructuro 

50 

2.562.800 

Suf  facing 

20 

Maintenance:  Inicrstaic  = 

12.12  Miles  I'f 

53.000/ Mill 

Fronisge  = 

10.96  Mtles  1" 

$  200/Milt 

c 

Right  of  Way 

50 

251.400 

Gnding  and  Drainage 

40 

1 1.322,594 

Major  Sirunurc5 

50 

1.300.000 

Surfacing 

20 

1.091.054 

Maintenance:  Inicrsiate  = 

11.87  Miles  (■• 

$3,000/Milc  - 

Frontage  " 

6.15  Miles  <^> 

S  20U/Milc  = 

Total 

•K  =  Capital  Recovery  Factor 


•K 


0.0465 
0.0505 
0.0465 
0.0736 


0.0465 
0.0505 
0.0465 
0.0736 


0.0165 
0.0505 
0.0465 
0.0736 


Annual  Cost 
Dollars 


S  19,806 
665,050 
50,918 
77.663 
35.010 

S  848.447 


$  10.694 
530.900 
119.170 
82.816 
56.360 
2.192 

$  782,132 


$  11.690 
571,791 
60.450 
80.302 
35.610 
1.230 

S  761.073 


Location 


Item 


Estimated  Life 
Years 


Total  Cost 
Dollars 


D  Right  of  Way 

Grading  and  Drainagi' 
Major  St  met  tires 
Surfacing 

Maintenance:  Interstate 
Frontage 

Total 


Right  of  Way 
Grading  and  Drainage 
Major  Structures 
Surfacing 

Maintenance:  Intcrsiaie 
Frontage 

Total 


Right  of  Way 
Grading  and  Drainage 
Major  Structures 
Surfacing 

Maintenance:  Interstate 
Frontage 

Total 


50 
40 
50 
20 


297,532 
10.673.455 

1.680.000 
1.080.862 


11.83  Miles  @  $3,000/Mile 
6.15  Miles  ^  S  200/Milc 


50 
40 
50 
20 


298.178 
11.300.719 
1,645.000 
1.080.138 


11.79  Miles  %  $3.000/Mile 
6.15  Miles  %  %  200/MiIe 


50 
40 
50 
20 


298.977 
M. 820.560 
1,315.000 
1,064.784 


1 1.83  Miles  ^  S3.000/Mile 
6.15  Miles  fT'  S  200/MiIc 


>.  O.0465 
0.0505 
0.0465 
0.0736 


0.0465 
0.0505 
0.0465 
0.0736 


0.0465 
0.0505 
0.0465 
0.0736 


ANNtiAL  Cost 
Dollnrs 

^>    I  .■i,S35 
539.009 
78.120 
79.551 
35.490 
1.230 


$  747.215 


$  13.865 
570.686 
76.493 
79.498 
35.370 
1.230 

S  777.142 


S  13.902 
596.938 
61.148 
78,368 
35,490 
1.250 

$  787,076 


MAINTENANCE  FOR  BASIC  CONDITIONS  =       12.21  Miles  ^'  SI800/Mile    =  $21,978 
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BENEFIT  RATIO 


LOCATION  A  over  BASIC  CONDITION 


LOCATION  B  over  BASIC  CONDITION 


L0C:ATI0N  C  over  BASIC  CONDITION 


TABLE  3 

BENEFIT  COST  RATIO 

r  Annual  road  user  con  for  ihe  Basic  Condition  ]— [  Annual  road  user  cosi  for  the  Al.ernaie  Condition  J 
Annual  construction  co*i  for  Uie  Ahcrnaie  Condition  J— [  Annual  mainteQance  co»t  for  the  Ba«c  Condition  ] 


1 .94  r/,2S— 1.506.029  -  435.599 

8-tS.  (47—    2 1 .978  "  826.469 

1.941.628—1.565.769  =  375.859 

782.132—    21.978  =  760.15  ( 

1.941.628—1.532.035  =  409.593 

76 1 .073—    2 1 .978  =  739.09 5 


0.5271 


0.4945 


0.5542 


LOCATION  D  over  BASIC  CONDITION 


LOCATION  E  over  BASIC  CONDITION 


LOCATION  F  over  BASIC  CONDITION  = 


1.941.628—1.526.848  =  414.780 

747.235—     21.978  =  725.257 

1.941.628— 1.521.660  =  419.968 

777.142—     21.978  =  755.164 

1,941.628—1.526.848  =  414.780 

787.076—     21.978  =  765.098 


0.5719 


=  0.5561 


=  0.5421 


TABLE  4 

SUMMARY  OF  ALL  COSTS  FOR  ALTERNATE  LOCATIONS  PROPOSED 


ANNUAL  CONSTRUC  TION  COST 

ANNUAL  MAINTENANCE  COST 

ANNUAL  OPERATING  COST 

TOTAL  OF  ALL  COSTS 

ANNUAL  SAVINGS  IN  FAVOR 
OF  D  LOCATION 


A 

813.437 
35,010 
1,506.029 
2,354.476 
80,393 


B 

743.580 
38.552 
1.565.769 
2347.901 
73.818 


C 

724,233 
36,840 
1,532,035 
2.293,108 
19.025 


D 

710,515 
36.720 
I,526,»i8 
2J74,083 


E 

740.542 
36.600 
1,521,660 
2,298,802 
24.719 


F 

750J56 
36.720 
1.526,848 
2.313.924 
39.841 
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Relocations 

Roads 

Very  liitlc  road  relocation  will  be  rcLimrctJ  un  tins  projici.  On 
all  alicrnutes  it  portion  or  all  of  the  present  iii|;liway  is  reuinet)  or 
obliteraied  by  consiruaion.  Where  obliierated  in  the  canyon  it  cannot 
be  reconstructed  as  frontage  road  due  to  excessive  construction  costs. 
For  the  recommended  location  Line  D.  a  short  seaion  of  connecting 
road  is  proposed  at  the  Lyons  Creek  Interchange  to  replace  the  exist- 
ing access  road.  This  relocation  would  be  required  because  the  pres- 
ent road  passes  under  a  railroad  bridge  and  ihts  arrangement  would 
be  geometrically  impossible  lo  retain  with  an  interchange. 

For  Location  A,  an  improvement  and  relocation  of  the  present 
trail  from  Sieben  to  the  Lyons  Creek  area  was  anticipated.  This 
would  serve  as  the  replacement  of  present  access  which  could  not 
be  retained  because  of  unjustifiably  high  construaion  cost  for  an 
interchange  at  this  location  on  Line  A. 

Utilities 

The  amount  of  adjustment  of  public  utilities  varies  for  all  align- 
ments and  was  estimated  from  available  maps  and  on-the-siie  inspec- 
lions.  Alternate  A  would  require  the  relocation  of  an  extensive  length 
of  the  Helena-Calgary  Trunk  line  of  the  Mountain  Sutes  Telephone 
and  Telegraph  Company.  This  trunk  line  runs  through  the  entire 
length  of  the  canyon,  predominantly  on  the  cast  side.  The  most  exten- 
sive seaion  i>f  rclncition  required  would  be  north  of  Lyons  Creek 
on  Line  A. 


An  electric  transmission  line  from  Hotter  Dam  and  belonging 
to  the  Montana  Power  Company  crosses  the  canyon  immediately  south 
of  the  Lyons  Creek  area.  It  is  indicated  on  Alternate  A,  Exhibit  4. 
on  Figure  lUI.  A  small  modification  to  this  line  is  required  and  the 
adjustment  can  be  easily  made.  There  arc  no  low  voltage  power 
lines  in  the  canyon. 

A  24-inch  g.is  line  of  the  Montana  Power  Company  parallels 
the  canyon  to  the  west  from  Lyons  Creek  to  Wolf  Creek,  It  is  esti- 
mated that  relocatioi«  and  crossings  of  this  pipeline  by  alignments 
on  the  west  side  of  the  canyon  in  the  vicinities  of  Linle  Creek  and 
Wolf  Creek  will  not  exceed  5000  feet.  The  Power  Company  fore- 
sees no  problem  in  the  relocation  of  this  line. 

Railroads 

There  is  no  relocation  of  existing  railroad  required  on  the  pro- 
ject. The  consideration  given  to  possible  relocation  was  presented 
under  GEOMETRICS  AND  LOCATIONS. 

Streams 

Channel  changes  for  the  Liiilc  Prickly  Pear  Creek  are  required 
primarily  toward  the  northern  end  of  the  canyon  to  achieve  an  ac- 
ceptable alignment  for  the  Interstate.  Alternate  A  on  the  east  side 
would  require  the  least  amount  of  stream  relocation.  The  extent  of 
channel  changes  for  all  other  lines  is  about  the  same.  Bin  type  re- 
taining wall  will  be  required  along  the  banks  near  some  of  the 
structures  and  in  some  narrow  confined  areas.   By  this  method,  fill 


slopes  are  kept  out  of  the  stream  channel  where  movement  of  the 
highway  ccnierline  farther  from  the  stream  ccnterlinc  is  prevented 
by  topography  and  prohibitive  construction  costs.  Special  placement 
of  rock  excavation  along  the  banks  of  the  channel  changes  will  be 
specified  for  erosion  control. 

Miscellaneous  Considerations 

Maintenance  of  Traffic 

The  cost  to  tbe  highway  contractor  for  maintaining  passage  and 
detours  through  the  area  under  construction  is  a  very  real  expense.  It 
will  appear  in  construaion  bids  as  a  maintenance  of  traffic  item,  if 
used,  or  else  be  reflected  in  higher  unit  bid  prices  and  is  directly  related 
to  the  distance  involved, 

For  this  project,  the  cost  of  maintenance  of  traffic  through  the 
canyon  was  considered  great  enough  lo  bear  consideration.  From  the 
beginning  of  the  project  to  the  mouth  of  the  canyon,  it  was  considered 
as  a  very  minor  item  and  is  not  computed  separately.  For  Line  B, 
down  the  west  side  of  the  canyon,  there  would  be  no  maintenance  of 
traffic  item  due  to  no  disruption  of  the  present  highway.  Alternate 
A  on  the  cast  side  would  result  in  obliteration  of  the  entire  highway 
within  the  canyon  and  the  greatest  disruption  of  traffic  service.  The 
magnitude  of  this  item  varies  between  that  for  Lines  A  and  B  for  all 
other  alternates. 

The  counterpart  of  the  expense  discussed  above  is  the  additional 
vehicle  operation  cost  to  the  road  user  from  traveling  on  roads  under 
construction.  It  is  accounted  for  by  higher  operating  cost  per  mile  which 
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considers  stops,  longer  travel  time,  more  vehicle  and  tire  wear,  lower 
gear  operation,  etc.  This  expense  is  not  incorporated  into  ihe  construc- 
tion cost  summary  or  the  road  user  benefit  analysis  but  should  be  con- 
sidered in  location  seleaion. 

This  cost  lor  the  1962  ADT  on  Location  A  would  be  SHOD  per 
day.  Locations  B  through  F  would  vary  in  sequence  from  one  percent 
to  39  percent  of  this  amount.  The  recommended  Location  D  would  be 
27  percent  of  that  for  Line  A.  The  cost  per  day  is  related  to  the 
length  of  adverse  conditions  involved  as  well  as  to  the  ADT.  For 
this  comparison,  it  is  assumed  that  all  portions  that  involve  interrup- 
tion of  normal  traffic  operation  for  any  one  alternate  would  be  under 
construction  simultaneously.  On  the  assumption  that  the  interruption 
period  is  3C>5  days  for  all  lines,  the  additional  cose  of  vehicle  operation 
to  the  road  user  on  Alignment  A  over  and  above  the  cquiv^ilent  cost 
on  the  recommended  Location  D  would  be  S300.000.  The  proportion 
of  cost  differential  between  these  twj  lines  would  be  even  greater  if 
construction  schedules  and  duration  of  interruption  of  service  for  all 
alternaies  were  worked  out  in  detail.  This  is  because  Line  A  would 
cause  traffic  disruption  for  the  full  length  of  the  canyon.  This  is  an 
additional  item,  which,  from  a  cost  standpoint,  makes  Line  A  more 
unfavorable. 

Stream  Access  for  Fishing 

The  access  control  of  Interstate  highways  is  governed  by  the  law 
which  established  the  system  and  set  the  standards.  It  is  one  of  the 
outstanding  built-in  safety  features  of  these  roads.    Random  access. 


turning,  and  parking  are  not  pcrmincd  and  the  right-of-way  limits 
arc  fenced.  Access  and  exit  can  occur  only  at  interchanges.  This  char- 
acteristic has  a  direct  bearing  on  the  present  and  potential  utiliiation 
of  the  canyon. 

With  Aligtiment  A  on  the  east  side,  there  would  be  no  other 
general  access  road  in  the  canyon  for  the  present  highway  would  no 
longer  exist  and  a  frontage  road  would  be  too  costly  to  construa. 
On  the  recommended  line  Location  D  and  all  alternates  other  than 
A.  considerably  more  than  half  of  the  existing  highway  would  remain. 
Thus  the  public  will  be  afforded  relatively  easy  and  safer  access  to 
the  stream  for  fishing.  In  effect.  Location  D  will  preserve  the  present 
land  me  and  access  in  the  canyon.  Access  to  the  stream  in  the  first 
mile  of  the  canyon  is  presently  limited  due  to  the  narrow  winding 
road  and  lack  of  parking  places.  This  condition  will  be  no  worse  with 
the  Interstate  located  on  the  same  side  as  the  present  highway,  and 
access  will  still  be  possible  on  foot  from  Sieben  as  under  present 
conditions. 

In  past  years,  during  the  construaion  of  the  railroad  and  present 
highway,  more  than  four  miles  of  channel  changes  of  the  stream  were 
required  throughout  the  entire  length  of  the  canyon.  These  changes 
have  not  apparently  affected  the  charaaerisiics  beneficial  to  fish  life 
environment  and  development.  It  is  believed  that  the  proposed  chan- 
nel changes  for  this  project  will  not  adversely  affea  the  recreational 
benefits  of  the  stream  over  the  years.  Natural  plant  growth  in  and 
along  the  stream  will  develop  with  the  passage  of  time. 


Right-of-Way 

The  land  for  Interstate  right-of-way  should  be  neither  difficult 
to  acquire  not  expensive.  South  of  the  canyon  entrance  the  land  use 
is  not  intensive,  being  currently  utilized  for  grazing  purposes  only. 
Within  the  canyon  the  land  use  is  nil  due  to  the  rocky,  rugged  char- 
acter of  ibc  terraiiL 

The  limits  of  right-of-way  for  the  purpose  of  estimating  quanti- 
ties were  established  at  1 50  foot  minimum  width.  For  sections  exceed- 
ing these  widths,  the  limit  was  set  at  ten  fc«t  beyond  the  toes  of  em- 
bankment slopes  and  tops  of  excavation  backslopes. 

A  limited  amount  of  oondetrimenial  encroachment  of  fill  slopes 
on  the  right-of-way  of  the  Great  Northern  Railway  will  occur  in  some 
constricted  areas.  Easement  approval  or  land  purchase  will  be  dis- 
cussed with  the  railroad  company  at  the  proper  time  during  prepara- 
tion of  contract  plan  details. 

Under  Alternate  A.  the  Spring  Creek  area  occupied  by  the  store 
building  and  cabins  would  be  within  the  right-of-way  area  needed 
for  disposing  of  excess  excavation  material.  On  all  other  alternates 
the  buildings  on  the  Montana  Power  Company  ptoperty  at  Lyon*  Cteek 
are  within  the  construction  limits.  Alternate  B  requires  the  removal 
of  a  barn  near  Station  50-f  00.  Other  than  these,  no  interference  with 
buildings  is  involved. 
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Construction  Cost  Estimates 

Ad  estimate  as  complete  and  dciailvd  as  possible  and  within  the 
realm  of  accuracy  warranted  by  a  preliminary  eaginccriag  report  was 
prepared  for  each  altcrnsie  location  of  this  study.  The  cost  summar) 
appears  as  Figure  201  and  compares  the  various  alternates.  The 
totals  in  this  figure  do  not  include  allowance  for  engineering  and 
cuntingencics.  However,  in  Figure  203  in  which  the  recommended 
alignment  is  scheduled,  an  item  in  the  amount  of  10%  of  the  loial 
construction  cosi  hai  been  added  for  tnnsiruciion  engineering  and 
contingencies. 

The  expense  involved  in  rchKJtiun  of  utilities  was  arrived  at 
through  discussion  with  the  respective  companies  involved.  Trunk 
telephone  line  relocation  is  based  on  $700  and  $1000  per  pole  fur  mod- 
erate and  difficult  relocations  rcspcaively.  Many  poles  will  require 
extensive  hand  work  in  rocky  area*  largely  inaccessible  to  mechaniejl 
ctjuipmeot.  There  are  between  40  and  55  poles  pet  mile.  Gas  main 
relocation  will  cott  $15  per  foot  plus  $5  per  foot  if  rock  is  encoun- 
tered. The  utilities  relocation  cost  for  Alternate  A  includes  $40,000 
for  the  improvement  of  the  rond  from  Sicbcn  to  Lyons  Creek.  This 
item  is  related  to  the  facilit)'  required  for  access  and  inspection  of 
properties  of  the  Montana  Power  Company  due  to  the  low  of  thi-  inrccss 
road  at  Lyons  Creek  under  Alternate  A. 

Right-of-way  cost*  were  .ifnvcd  ,ii  )r<im  .m  i.-v.iUijiion  of  apprais- 
all  made  by  both  the  Consultant  and  the  Division  Office  of  the  Montana 
Highway  Department.  Land  values  ranged  from  $15  to  $}00  per  atre, 
exclusive  of  improvements  and  damages. 


In  the  summary  of  Figure  201,  the  costs  of  relocation  of  utilities 
and  land  and  property  are  combined  under  the  heading  of  Righi-of- 
Way.  The  break-down  of  these  totals  is  listed  below: 


Utilities 

Land  and 

Right-of-way 

Alternate 

Relocation 

Property 

Total 

A 

$247,000 

$119,200 

$366,200 

B 

67,000 

93.873 

160.873 

C 

II  1.000 

72.610 

183,610 

D 

127.000 

103.906 

230.906 

E 

127.000 

103.786 

230.786 

F 

149.000 

82.352 

231.352 

PC7 

3.987 

3.057 

7,044 

The  costs  of  roadway  items  have  been  derived  by  applying  unit 
prices  to  the  estimated  quantities  of  each  item  of  consiruaion  work. 
Unit  prices  are  based  on  die  summar}'  of  I960  average  low  bid  prices 
on  projects  contracted  by  the  Highway  Commission.  Some  of  the  prices 
have  necessarily  been  adjusted  to  account  for  special  conditions, 


Two  different  costs  for  excavation  were  used  as  inJiL.iied  in  the 
unit  prices  in  Figure  203.  The  earthwork  quantities  from  the  begin- 
ning of  the  project  at  Station  1104-tOO  to  Station  1170-f-oO  were 
computed  at  S0.36  per  cubic  yard,  which  includes  watering  and  roll- 
ing. The  remaining  excavation  work  is  computed  at  $1.50  per  cubic 
yard.  This  is  a  weighted  average  price  for  the  special  excavation 
conditions  encountered.  One  hundred  percent  rock  on  flatter  slopes 
that  are  readily  accessable  to  heavy  dut>'  truck  mounted  drills  would 
have  3  lower  unit  cost.  One  hundred  percent  rock  on  steep  slopes 
requiring  the  use  of  wagon  drills,  jackhammcrs,  and  scaling  methods 


would  be  higher.  There  will  be  some  dirt  cxctvuiion  within  the 
canyon  but  most  excavation  is  of  the  more  expensive  rock. 

An  allowance  has  been  made  for  overbreak  of  excavation,  where 
it  is  anticipated,  because  of  the  dip  of  the  rock  strata  as  revealed  by 
the  geology  study.  In  general,  this  is  a  20%  faaor  for  the  largest 
percentage  of  rock  excavation  on  all  alignments  on  the  east  side  of 
the  canyon.  Special  consideration  for  flatter  backslopcs  was  also  given 
to  known  slide  areas  on  the  east  side.  There  are  three  such  areas  so 
treated:  one  near  the  mouth  of  the  cinyon  which  applies  to  all  lines 
except  B;  one  south  of  Lyons  Creek  and  one  near  Wolf  Creek  which 
affect  only  Line  A. 

Extra  volumt  ol  rock  e\i.jv.iti(iii  has  been  computed  for  all  cuts 
in  rock  .is  "undercut."  This  is  composed  of  two  allowances.  One  is 
3  uniform  undercut  of  one  foot  due  to  the  jagged  uneven  surface  which 
is  the  result  of  the  inability  to  precisely  control  blasting  operations 
within  close  limits.  The  other  is  an  allowance  for  tapering  of  suhgr.idc 
in  a  uansition  zone  where  the  roadway  passes  from  a  solid  rock 
foundation  lo  a  soil  foundation.  This,  in  effect,  provides  a  thicker 
undercut  at  the  edges  of  these  transition  zones.  Undercut  volumes 
were  included  in  the  excavation  quantities  at  the  same  unit  price  of 
$1.50  for  excavation.  Backfill  of  undercut  areas  is  with  base  course 
material. 

A  summary  of  bridge  costs  for  all  alternates  appears  on  Fig- 
ure 202.  A  lump  sum  price  of  $10,000  per  interchange  for  signing  has 
been  used.  Lighting  is  not  required  on  this  projea.  Culvert  lengths 
for  the  estimate  were  determined  from  the  cross-sections  of  the  pro- 


posed  roadway  embankment  ai  the  pomt  of  crossing.  Shoulder  guard- 
rail  is  figured  on  all  embankment  slopes  steeper  than  4:1.  Barrier 
guardrail  in  the  median  strip  will  cousisi  of  single  posts  and  double 
rails.  As  indicated  in  Figure  203,  the  unit  price  used  for  barrier  guard- 
rail is  twice  that  for  shoulder  guardrail. 

The  figure  used  for  erosion  control  dam  structures  is  $306,000. 
It  is  included  for  all  alternates  except  Line  A  and  is  included  under 
the  item  "Small  Drainage  Struaures".  Type  CM  Standard  Interstate 
fencing  was  computed  on  the  ccnterline  length  for  two  sides  continu- 
ous at  $8.00  per  rod.  The  amount  for  bin  type  retaining  wall  is  listed 
as  "Retaining  Wall".  The  unit  cost  of  S9.00  per  square  foot  includes 
the  excavation  for  the  bin  wall  and  special  backfill  material  where 
needed.  The  gravel  weight  used  for  surfacing  was  computed  at  3200 
pounds  per  cubic  yard.  Bituminous  material  use  and  application  rates 
are  in  accordance  with  present  M.S.H.C.  practice. 

Stage  Construction 

The  greatest  extent  of  completed  roadway  will  be  made  available 
to  the  traveling  public  in  the  shortest  time  if  stage  consituaion  is  kept 
to  a  minimum,  it  is  recommended  that  all  phases  of  construction,  in- 
cluding grading  and  drainage,  structures,  and  paving,  be  let  under 
one  contract.  This  will  permit  early  commencement  of  construction 
on  grading  aad  structures  simultaneously.  In  this  maimer,  authority 
and  responsibility  for  expediency  is  established,  thereby  permitting 
earlier  completion  dates  of  the  project. 


The  use  of  proper  construaion  compaction  equipment  and  com- 
paction specifications  will  result  in  embankments  that  will  not  require 
long  periods  for  consolidation  prior  lo  placing  the  paving.  Most  of  the 
proposed  alignment  will  be  on  stable  subgrade  where  consolidation 
is  no  problem.  However,  there  are  some  areas  of  high  fills  which  may 
require  special  construction  procedures.  TTiese  cannot  be  determined 
until  die  program  of  foundation  investigation  is  undertaken  with  final 
design. 

Four  lanes  of  traffic  are  required  initially  so  the  construaion  of 
two  lanes  now  and  two  lane*  in  the  future  ij  not  relevant. 

A  schedule  is  presented  in  Figure  203  for  construction  of  this 
project  in  three  sections,  along  with  tentative  bid  letting  dates.  Sec- 
tion I  is  at  the  south  end  of  the  projea  and  several  features  favor  it 
as  the  first  section  for  contract: 

1.  The  right-of-way  acquisition  involves  no  more  than  four  prop- 
erty owners,  one  of  which  is  the  State  of  Montana. 

2.  There  is  essentially  no  disturbance  of  the  Little  Prickly  Pear 
Creek. 

3.  There  are  no  structures  over  the  railroad  to  cause  delay  for 
approval. 

4.  It  will  connect  with  the  Interstate  construction  commencing 
soon  to  the  south  of  diis  project.  In  this  manner,  the  con- 
tinuity of  Interstate  construction  will  be  retained. 

5.  The  northern  limit  is  at  a  logical  point  (the  south  end  of  the 
second  structure  on  the  project,  Struaurc  PE  20>.  Excess 


excavation  material  is  not  moved  ahead  of  this  point  and  a 
good  connection  can  be  established  here  to  the  present  trav- 
eled way. 

6.  It  IS  well  suited  for  winter  cotutruaion.  A  large  proportion 
of  the  cotutrucrion  expense  of  this  section  is  for  rock  exca- 
vation, which  can  be  accomplished  with  little  difficulty  under 
adverse  weather  conditions. 

7.  Tourist  traffic  will  be  at  a  minimum  during  the  period  of 
greatest  disruption  of  traffic.  It  is  this  first  seaioo  rfiat  will 
contain  the  major  traffic  problems. 

The  second  seaion  extends  to  Lyons  Creek,  which  abo  affords  a 
point  of  easy  access  to  the  present  traveled  way.  The  third  section 
extends  to  die  control  point  west  of  Wolf  Creek.  The  first  two  sections 
involve  heavy  rock  work.  The  last  section  a  longest  but  has  features 
that  make  it  desirable  as  a  separate  unit.  Most  of  the  channel  changes 
of  a  spedal  nature  are  located  here  and  there  is  no  logical  place  where 
traffic  could  be  easily  routed  back  to  the  present  traveled  way  during 
cotistrtiction. 
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CHANCES    AT  300    TO    1000    FOOT     INTERVALS    FOR  EROSION    CONTROL  STREAM 
VELOCITIES    WILL    BE    REOUCEO    SV    THE    STRUCTURES.  FREQUENT  SETTLING 

BASINS     WILL    BE   PROVIDED     Bf   THE    STRUCTURES     FOR  SETTLING    FINE  MATERIAL 
RATHER     THAN    LETTING    IT   8E  CARRIED  DOWNSTREAM 

^-    SOMfiW  WAT^RIAL        THE    SETTLING     BASINS     WILL    8E    A    SOURCE    OF    NEEDEO    60R0W  MATERIAL 

fOR    ROADWAY    EMBANKMENTS     ADJACENT     TO    THE    CHANNEL     CHANGES  BASINS 
MAY    BE  EXCAVATED    10  TO    IS     FEET    DEEP    ABOVE    CONTROL  STRUCTURES 

^  -  'MPJIQyUi.  riMlLNG.       THE    BASINS     ABOVE    THE    CONTROL     STRUCTURES     WILL    PROVIDE  A 

NATURAL    BREEDING     GROUND     FOR    NUMEROUS     VARIETIES    OF    AQUATIC  INSECTS 
AND    OTHER    BIOLOGICAL    GROWTH     BENEFICIAL     TO    FISH     GROWTH  THE 
BASINS    WILL   ALSO    PROVIDE    A    NATURAL    HABITAT    AND    REFUGE     FOR    A  LARGE 
FISH     POPULATION  i-«n^.t. 


PROPOSED    STREAM    CONTROL  STRUCTURES 


NTERSTATE    15  -  SIE6EN  TO   WOLF  CREEK 


FIGURE  24 


35- 9' 


ioa-0'  


3S-9' 


ELEVATION 

SCALE    '/|6''  r 


Sff-0" 


4--0 


ROADWAY 


ItfOT. 


.SYMMETRICAL  ABOUT 
INTERSTATE  t 


 I 


■-1 
■  1 


SECTION 

NO  SCALE 


NOTES 

1  DESIGN  LOflOiNG     H20-SI6  OR  ALTERNATE  MILITARY  LOADING 

2  COST  a  BE  A    9.200  SO  FT 

3  DHAINAGE     PROVIDE  ORAINflGE  INLETS  AND  DRAINS  AS 

REQUIRED  fOR  ROAD  UNDER  THE  STRUCTURE 


PLAN  VIEW 


STRUCTURE       P  E-IO 
INTERSTATE    15  -  SIESEN  TO   WOLF  CREEK 


PLUU  VIEW 


FIGURE  25 


WEST  ELEVATIOH 

SCALE     I  '  >  60' 


60'- O" 


a'-o" 


flOADWAT 


24'-0* 


ROAD  WAT 


NOTES 


'  OeSiGN    LOflOINGS      HZ0-SI6  OR   ALTERNATE     MruiTARY  IjOAOING 

2  COST    AREO     26.500    SQUARE    FEET  (STRUCTURE) 
3,030  SQUARE    FEET     (BIN  WALL) 

I  PEAK   OlSCHARGE      3800  CFS 

4  BENTS  IN  CREEK      THE    TWO   BENTS   WITH   COLUMNS  IN  THE 

CREEK  WILL  BE   DESIGNED  AS  SINGLE 
TWO   COLUMN  BENTS 

5  SOUTH  END  SPAfj      CONStDERATION    WILL    BE    GtVEN   TO  REDUCING 

THE    SINGLE    70*-9'    END    SPAN    WHEN  EXACT 
SITE    DATA    IS  AVAILABLE 


SECTION 

SCALE      1/  •  .  I'-O" 


STRUCTURE      PE  -  20 
TEflSTATE     15    -     SIEBEN    TO    WOLF  CREEK 


Plan  view 


FIGURE  26 


0* 


rwieftSTsTE 

19 


ELEVATION 
SC«l.E     I' '60' 


2-0' 


TOP  OF  R  0  HilL. 


SECTION 
SCALE  i-O" 


'^STRAOOLE  BENT  OVER 
»ft,  ALL  OTHER  9EMTS 
ORE  CONC  *t'  bents 


TOP  or  RfllL^ 


MINIMUM     RfllLRQflO  CLEARANCE 


NOTES 

L    DESIGN  LOAOINGS    H20-SI6  OR  ALTERNATE  MILITARY  LOADING 

2,    COST  AREA-      35.50O  SOFT  (STRUCTURE) 
1.805  SO.FT   (  BIN  WALL) 

3  PEAK  DISCHARGE  ■       3B00  ef» 

4  CHANNEL  CHANGE  ■    CHANNEL  CHANGE  AND  BIN  TVPE 

RET  WALL  TO  BE  IN  GRAOINC  CONTRACT 


STRUCTURE  PE-33 
INTERSTATE    15  -  SIE6EN  TO  WOLF  CREEK 


PLAN  VIEW 


Ml^ 


70-  0* 


6'0| 
WIN 


NOTES 

1  DESIGN   LOAOIN^.  H20-SI6  OR  ALTERNATE  MILITARY  LOADING 

2  COST  ARt^a     I  1,400  SO.  FT 

3  DRAINAGE  ■  DRAINAGE    INLETS  AND  PIPES  WILL  BE  PROVIDED 

FOR  ROAO  UNDER  INTERCHANGE  STRUCTURE 

4.  CHANNEL  CHANGE     CHANNEL  CHANCE   AND  RIPRAP  TO  BE 
INCLUDED  IN  GRADING  WORK 

5  FOOTINGS  ■  IF  STRUCTURE  IS  TO  SE  CONSTRUCTED  AT  THE 
SAME  TIME  AS  THE  GRADING  WORK.  CONSIDER 
FOUNDING  FOOTING  ON  ThOROUGHLT  COMPACTED 
FILL  RATHER  THAN  AS  INDICATED. 


SECTION 


STRUCTURE      PW- 15 
INTERSTATE    IS-SIEBEN  TO  WOLF  CREEK 


PLAN  VIEW 


FIGURE  28 


lll'-6'  AL0H6  t 


NOTES 

I-      DESIGN    LOADING  HI5-SI2 
Z     COST  AREA  ■  4450    SO  FT 

3      RIPRAP.  TO  BE  INCLUDED  IN  GHADING  CONTRACT 


ELEVATION 

SCALE  ■  V,g'  .  r-0' 


34-0' 

^ 

15' r MAX)  LANE 

IZ'  LANE 

Z 

Wirt 

MIX 

1 

X  _  J. 


I  1 

I  I 


STRUCTURE      PW  -  17 
INTERSTATE    15  -  SiEBEN  TO  WOLF  CREEK 


SECTION 

SCALE  ■  '/g'     •  I'-O' 


i 


DIVISION  3 


ALTERNATE  LOCATIONS  A,  B,  C,  E  AND  F 
PLAN  AND  PROFILES 

LOCATION  A  -  FIGURE  101  TO  104 
LOCATION  B  -  FIGURE  104  TO  106 
LOCATION  C  -  FIGURE  107 
LOCATION  E  -  FIGURE  108 
LOCATION  F  -  FIGURE  108  AND  109 


LOCATIONS   A,  B,  C.  E  AND  F 


FIGURE    101    THROUGH   FIGURE  109 


ALTERNATE    LOCATIONS  V,  °C "e";   AND  "f"   WILL    TERMINATE    AT  STATION    537  *  40,     THESE    LOCATIONS    ARE    EXTENDED  TO  A   COMMON   POINT   IN   ORDER  TO 
OSTAIN    A  JUST    COMPARISON    Of  ALL  LINES    BY  THE    ECONOMIC    ANALYSIS.      THIS    POINT    IS    STATION    558  +  50    ON    L I N  ES  "B".  "C ".  "E"  AN  D  "f  ".    WHICH    IS  EQUAL 
TO  STATION    550*00    ON  "a"  LINE.     ALTERNATE    LOCATION    V  WILL    TERMINATE    AT    STATION  550*00. 


LEGEND 


EXISTING  FEATURES 

(  SHOWN    IN    BROWN  ) 


PROPOSED  FEATURES 

(  SHOWN    IN    GREEN  ) 


DIRT  ROAD 
PAVED  ROAD 
HIGHWAY  BRIDGE 
CULVERT 
FENCE 

US  HIGHWAY 
STREAM 

IRRIGATION  DITCH 


\ 


RAILROAD 


GRADE  GROSSING 


RAILROAD  BRIDGE 


RAILROAD  TUNNEL 


SECTION  LINE 


TOWNSHIP  LINE 


TIMBER 


FREE  STANDING  TREES 


-^"t--i   I    I   t   t  + 


'til 


COR 


-CxO- 


—  ,y 


*  (— t- 


INTERSTATE  HIGHWAY 


INTERSTATE  BRIDGE 


CHANNEL  CHANGE 


TANGENT    TO  SPIRAL 


SPIRAL    TO  TANGENT 


POINT  OF  CURVATURE 


POINT  OF  TANGENCY 


T  S 
S  T 

P  C 
PT 


DEPRESSION 


SPOT  ELEVATION 


LOCATION     ALTERNATE  A 


STATION  1104.00  TO  STATION  ri 70  •  00  SAME  AS  ALTERNATE  0  (  REFER  ■  FIGURES  I  AND  2  ) 
STATION  0*00  TO  STATION  158  •  00  SAME  AS  ALTERNATE  D  (  REFER.  FIGURES  3  THROUGH  7. 
STATION    I5B«00  TO  STATION    550*00    EXHIBITS  2  THflOUCH  15  ON    FIGURES    101  THROUGH  104 


■MO  ' — 

tut  — 

-IMS 

-ltl» 

IWO  — 

Hit 

_                           -oto  % 

y 

—  »» 

>*to  — 

h—  HID 

5 

0                                                         tk»  1 

0  > 

>  i 

flLTtRNflTE   A     EKHIBIT  14 


LOCATION    ALTERNATE  B 


STATION    tl04  •  00  TO  STATION   llTO'OOSAME    AS  ALTERNATE    D    (  RE  FER    F I  CURES    I    AND  2  ) 
STATION   0  •00  TO  STATION  40-30   SAME  AS  ALTERNATE  D   (  REFER  ■  FIGURES  3  AND  4  1 
STATION  40*30  TO  STATION    196  •  50  EXHIBIT  2  THROUGH  6  ON    FIGURES  105    THROUGH  106 
STATION    196*50    TO  STATION  537.40  SAME   AS  ALTERNATE   0  |  REFER.  FIGURES   8  THROUGH  18. 


ALTEfiNCTE  B     EXHIBIT  I 


FIGURE  t05 


MCW     CONNtCTION  TO- — 
COUNTI     aOAD    LCMSTH  »' ■*- 

FROU     HAUP  FHTEfiaECTriM 
3800  L f 


ALTERNATE  B     EXHIBIT  4 


ALTERNATE  8     EXHIBIT  6 


LOCATION    ALTERNATE  C 


I.  STATION  1104  .00  TO  STATION  1170  •00  SAME  AS  ALTERNATE  D  (  REFER    FIGURES  I  AND  2  ) 

2  STATION  0.00  TO  STATION  107.30  SAME  AS  ALTERNATE  0    (   REFER    FIGURES  3  THROUGH  6  ) 

3.  STATION  107.30  TO  STATION  IB3  '00  EXHIBIT  2  THROUGH  4  ON  FIGURE  107 

4,  STATION  183.00  TO  STATION  537  .40  SAME  AS  ALTERNATE    D  (  REFER   FIGURES  8  THROUGH  16) 


LOCATION   ALTERNATE  E 


[  STATrON  1104  •00  TO  STATION  IITO'OO  SAME  AS  ALTERNATE  Of  REFER    FIGURES  I  AND  2  ) 

a  STATION  0*00  TO  STATION  158  *00  SAME  AS  ALTERNATE  D  (  REFER    FIGURES  3  THROUGH  8) 

3  STATION  158*00  TO  STATION  167*40  SAME  AS  ALTERNATE  A  [  REFER    EXHIBIT  2  ON  FIGURE  lOt ) 

4  STATION  167.40  TO  STATION  205*00  EXHIBIT  2  AND  3   ON  FIGURE  108 

5  STATION  205*00  TO  STATION  537*40  SAME  AS  ALTERNATE   0  (  REFER    FIGURES  9  THROUGH  IS  1 


ALTERNATE   e     EXHIBIT  I 


altehnate  e    exhibit  3 


ALTERNATE   E    EXHIBIT  2 


LOCATION   ALTERNATE  F 


I         STATION   1104  * 00  TO  STATION  1170  *00  SAME  AS  ALTERNATE  0   (  REFER  ■  FIGURES    I  AND  2  1 

2.  STATION  0*00  TO  STATION    158*00    SAME   AS    ALTERNATE  0  (REFER-  FIGURES  3    THROUGH  8  ) 

3,  STATION  158+00  TO  STATION  22i.70   SAME   AS   ALTERNATE  A   (REFER'  EXHIBITS  2 
THROUGH  4    ON    FIGURE    101  ) 

4  STATION   221-70    TO  STATION  255*20    EXHIBITS  2  AND  3  ON  FIGURE  109. 

5  STATION  255  .20    TO  STATION    537*40  SAME  AS    ALTERNATE  0  (  REFER  ■  FIGURES  10  THROUGH  IB.) 


ALTERNOTE    F      EXHieiT  ( 


DIVISION  4 


COST  ESTIMATES 

COST  SUMMARY  AND  COMPARISON  OF  ALTERNATE  LOCATIONS  -  FI6URE  201 
SUMMARY  OF  PRELIMINARY  COST  ESTIMATES  OF  STRUCTURES  -  FIGURE  202 
COST  SUMMARY  OF  CONSTRUCTION  SECTIONS  -  FIGURE  203 


COST  SUMMARY  AND  COMPARISON  OF  ALTERNATE  LOCATIONS 

INTERSTATE  15  -  SIEBEN  TO  WOLF  CREEK 


FIGURE  201 


SIEBEN 


ABCDEF 


BEGINNING 
OF  PROJECT 

STATION  1104+00 


BCD 


BCDE 


ACDEF  AOEF 


AEF 


AF 


BCDEF 


LINE  DIAGRAM  OF  ALTERNATE  LOCATIONS 


STATION 
•  POINT  I 


537+40 

WOLF  CREEK 


EQUATION 


POINT  2 
STATION 


5  58  +60    LOCATION  0 


STATION     550  +  00  LOCATION  A 


•Point  1-For  comparison  ol  cquivalcnl  lengths.  Locations  B,  C.  D.  E.  und  F  are  summanu.-d  from  the  Beginning  of  Project  to  Point  I 

vPoinl  2— For  Comp;.rison  of  ccjuivalcni  length.,  [.ocation  D  plu^  PC-7  and  Location  A  ar.  Bcsinning  of  Projccl  lo  Point  2. 


PC- 7 


Location 

Length 

Gruhbini; 

Mainicnancc 
"f  Traffic 

Excavation 

Bnrrow 

Overhaul 

Kciaining 
Wall 

Guard 
Rail 

Undercut 
Backfill 

Surfacing 

Small 
Drainage 
Structures 

Major 
Structures 

Fencing  & 
Signing 

Uiilitii;% 
Relocation 

Right 
of  Way 

Total 
Cose 

B 

11.725 

S67.904 

0 

S  8.595.367 

S47,952 

S409,534 

S  97.191 

S4'>6,m 

SI. 098,097 

S556.no 

S2,02  7,800 

$80,009 

S  67,000 

S  95.873 

SI  5,696. 195 

C 

1 1 M6 

r.5.71.( 

s.wn.i  M 

47,952 

526.299 

i7U.l«7 

-ilT,i7_^ 

V5.681 

1.065,952 

589.230 

765,000 

78.700 

III.OOO 

72.610 

13,230,373 

D 

1  \AZii 

66.477 

29^,283 

«.l-t4,75U 

47,952 

248.959 

361,485 

420,325 

91.015 

1,053.740 

809.770 

1.145.000 

77.536 

127.000 

105.906 

12.997,174 

E 

11388 

63.847 

299,584 

8.826.375 

47.952 

250,747 

317,259 

415.598 

103,206 

1.055,016 

792,890 

1,110,000 

78.302 

127,0(m 

l(H7S6 

13.589,56<J 

F 

11.434 

59,358 

313,435 

9.38I,U36 

47,952 

265,805 

344.54^ 

il  (.873 

100.775 

1.057.662 

-1 9. 3 20 

780.OUO 

68,555 

I49.0UU 

82.352 

13.764,6-16 

0.400        S  1,221 


S     65,256      $  56,469 


0 


0 


S  20.975        S    2.962        t     2^.122        $  18,600       $   555.000        $  2,046        $    3,987        S    3.057        $  73<,675 


PC-7  plu.  D  11.828       S67.698       S299,285        S  8.207.986      $104,431        $248,959       S561.485        $441,298       $  93.975       Sl.080.862       S828.570       SI.680,000       $79,582       $150,987       $106,963  $13.731.iM9 


11.667        $25,468        $540,325        SIO.579,968        S15.801        $343,271        S939.366        $417,623        SU0.249        $1,055,205        $389,244       $1,095,000        $69,727        $207,000        $159,200  S15,745. 
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SUMMARY  OF  PRELIMINARY  COST  ESTIMATES  OF  STRUCTURES 

INTERSTATE  15  -  SIEBEN  TO  WOLF  CREEK 


FIGURE  202 


iitNtauvi;  layout 


ESTiMATFD  COST  FOR  LOCATIONS  CONSIDERED— Dollars 


Nl  ND 


STRUrnRE 
DESCKIPTION 


PE  ID 

2n  (10 

Ft  iU 
12J  +  50 

PE  33 

16-'  00 

FW  13 
2J2  -f  00 

PW  17 


PW  25 
552  -r  00 

PW  10 

75  +  00 

PE  22 
M5  +  00 

PE  34 
177  -f  00 

PE  40 
232  +  00 

PE  45 
230  +  00 


PE  50 


00 


P£  60 
424  +  50 

110+40  i< 


Sir  ben  Interchange 
Intcriute  over  LocnJ 

Rridgc  over  Licilc 
Prickly  Pear  Creek 

Inicniaic  over  Crct-k  and 
Railroad  on  l'(  Crmsover 

Lyons  Crttk  lnicrchttnj;e 
Intersiatc  over  Local 

Ixiail  Roai!  Bridge 
oviT  Link-  Ptickl\  Pear  Crc«k 

I ntLTNi.ttt:  uvvt  (.((;t.'K,  Kjilruad  uiid 
Ni'iDiui.irv  iin  PC.-''  CrossoviT 

,SjtiK-ii  i(i(i(iiiarii;i — Inii-rtiacc  over 
Secondary.  Creek  and  Railroad 

Bridge  over  Railroad  and 
Creek  on  PC-2  Crossover 

Inivntuic  over  Rnilrond  and 
Creek  on  PC-4  Crouovcr 

Jntcntaie  over  Creek 
below  Lyons  Creek 

Intcrttaic  over  Railroad,  Creek  and 
Service  Road  ai  Lyoiu  Creek  on 
PC-5  CroMovcr 

Intcrttaic  Bridge  over 
Liitle  Prickly  Pear  Creek 

Sliccp  Creek  Interchange-In  tcrsiatc 
over  Sheep  Creek  and  Local  Road 

H     Small  Siructure*  over  Ravines 


WIDTH  BTW,     ESTIMAII  D     NO  TYPF 

CURBS  I  ENCJTH      SPANS  CONSTRUCTION 


2  >.s 
60- 
60' 
68' 

60' 
69* 
60' 
60' 
62' 

GO' 
66' 
68' 


108' 


■Hi' 


595' 
330' 
530' 
385- 


185' 


Prestressed 
Concreie 

Prestressed 
Concrete 

Sicel  Si  Prc- 
sircucd  Cone. 

Prestressed 
Concrete 

Prestressed 
Concrete 

Steel  &  Pre- 
stressed Cone. 

Prestressed 

Cnntrcti 

Mcti  vS.  I'ft- 
iifciicd  C'lini. 

Sici-i  &  Prc- 
sifc«td  Cone. 

Prisircisctl 
Concrete 


Prestressed 
Concrete 

Prestressed 
Concrete 

Prestressed 
Concrete 


SELECTED 
LOCATION 


370.000 
465.000 
135.000 
65.000 


B 


>  1 1  U.OOO  2>  1 1  U.OUU 


370,000 


350,000 


200.000 


165.000 


135,000 


290,000 


1.537.800 


135,000 


65,000 


455,000 


135.000 


65.000 


430,000 


300,000 


D  Plus  PC-7 
CROSSOVER 


S  1 10.000         S  1 10,000         S  1 10,000         S  1 10.000 
370,000  370.000  370.000 

465,000 
i  35,000 


65.000 


535,000 


TOTAL  ESTIMATED  STRUCTURES  COST        $1,145,000         $1,095,000  $2,027,800 


S  765.000       SI. 1 10.000         $  780.000  $1,680,000 


COST  SUMMARY  OF  CONSTRUCTION  SECTIONS 

RECOMMENDED  LOCATION  ALTERNATE  D 
INTERSTATE  15  -  SIEBEN  TO  WOLF  CREEK 


PieURC  303 


ITEM 


Clearing  and  Grubbing 

Mainienance  of  Traffic 

Excivacion — I  lU  *  t  U(J  to  1170  i  00 

Excavation — 0  +  00  to  537  +  40 

Borrow 

Overhaul 

Retaining  Wall 

Guard  Rail— Fill  Shoulder* 

Guard  Rail — Mediiin  Barrier 

Undcrcui  R.ukftll 

Small  Drainage  Structures 
Major  Structures 
Fencing  and  Signing 

Total  Construction  Cost 

Construction,  Engineering  ami 
Contingencies,  10% 

Utility  Relocations 

Right-of-Way 

Total  Cost 

Commencement  Date  of  Unit 


UNIT 

L.  S. 
L.  S. 
Cu.  Yd. 
Cu.  Yd. 
Cu.  Yd. 
Mi.  Yd. 
S(|.  Ft. 

I.  Ft. 

I-  Ft. 
Cu.  Yd. 

Su. 

L.  S. 

L.  S. 

L.  .S. 


Unit  Cosi 

Lump  Sum 
L 11  III))  bum 


S 
S 

s 
s 
s 


0.36 
1.50 
0.?2 
0.15 
9.00 
-^.50 
5.0(1 
1.61 


S  1610.07 
Lum|>  Sum 
Lump  Sum 
Lump  Sum 


SECTION  I 
3.530  mites 

Stii     I  104  ^  «MI 

Id  Sr.'     ■  :i  ■  ]  I 


»..Si5 
as  t. 783 
52.012 
2,1 15.611 


1 03,087 
120.870 
4-»,38l 
21.200 
21,769 
381.520 
66.530 

2S.U^3 

.435,  U9 
52.000 
2,045 
S  5.740.685 

Sept.  1961 


SECTION  2 

2.2S4  mil« 
Sla.  120  r  4(1 
u  Sta.  341  -i-  00 


17.500 


3.500.267 

70.475 
171.027 
56.067 
59,450 
17.925 
198.290 
530,570 
1.035,000 
20,724 

547,365 
9.000 
55.852 
S  6,083.86< 

Feb.  1962 


SECTION  5 

5.614  mites 
Sia.  241  T-  00 
lo  Slii.  537  +■  40 


0,266 


2.476.860 
47,952 
75. .379 
69.588 
I  I0,T75 

5l..*2I 
475.950 
-il2.8~0 

28.739 
S  3.941.130 

594,115 

-iS.009 
S  4.449,252 

Apr.  1962 


TOTAL 
11-428  milo 


S  66,477 
299.283 
52.012 
8.092-" 
47,952 
248.939 
561.485 
190.623 
229.700 
91.015 
1.053.740 

1,145,000 
77.536 

SI  2.766.268 

1.276,627 
127,000 
103,906 
S  14.275.801 


